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2005 _2325 IV DS FFKPAVHAVLWLMFAVRPALADELTNLLSSREQILRQFAEDEQPVLRINRAPARRAG
z008 225 M D ST K PAVHAVEWLMFAVRPALADELTNLLSSREQILROFAEDEQPVLIINRAPARRAG
22491 M S FFKFAVWAVLWLMFAVRPALADELTNLLESREQILRQFABDEQPVLPINRAPARRAG
zoll 2325 M DS FRKPAVWAVLWLMFAVRPALADELTNLLSSREQILRQFAEDEQPVLPINRAPRARRAG
zo20 225 M DS PP KPAVWAVLWLMFAVRPALADELTNLLSSREQILRQFARDEQPVLPINRAPARRAG
2001 225 DS FER PAVWAVLWLMFAVRPALADELTNLLSSREQILROFAEDEQPVLP INRAPARRAG
2009 225 M DS PP PAVWAVLWEMFAVRPALAD P L TNLLSSREQILROFARDEQPVLE INRAPARRAG
2012 225 Wl DS FFRKPAVHAVLWLMFAVRPALADELTNLLSSREQILRQFAEDEQPVLP INRAPARRAG
z02%_225 M DS FFRPAVHAVLWLMFAVRPALADELTNLLESREQILROQFAEDEQRVLPINRAPARRAG
7023225 PM DS FFKPAVWAVLWLMFAVRPALADELTNLLSSREQILRQFARDEQPVLPINRAPARRAG
z024_225 b DS FFKPAVWAVLWLMFAVRPALADELTNLLSEBREQILRQFARNDEQPVLPINRAPARRAG
zo25 228 PV DS FFKPAVWAVLWLMFAVRPALADELTNLLSSREQILRQFARDEQPVLPINRAPARRAG
zo26 225 PV DS FFEPAVWAVLWLMFAVREPALADELTNLLSSREQILROFARDEQPVLPINRAPARRAG
z096 225 P DS FRKPAVWAVLWLMFAVRPALADELTNLLSSREQILRQFAEDEQPVLPINRAPARRAG
zo02 225 PR D S P PKPAVWAVLWLMFAVRPALADELTNLLESREQILROFASDEQPVLPINRAPARRAG
zo04 225 P DS FFKPAVWAVLWLMFAVRPALADELTNLLSSREQILRQFARDEQPVLPINRAPARRAG
zo06 225 PV DS FFKPAVWAVLWLMFAVRPALADELTNLLSSREQILRQFAEDEQPVLPINRAPARRAG
zo07 22% PR DS FFKPAVWAVLWLNFAVRPALADELTNLLSSREQILRQFAEDEQPVLPFINRAPARRAG
zol0 225 PN DS FFKPAVHAVLWLMFAVRPALADELTNLLSSREQILRQFAEDEQPVLFINRAPARRAG
zol4 225 M DS F P PAVHAVLW LM FAVRPALADELTNLLSEREQILROFAEREQPVLFINRAPARRAG
zol6 225 PN DS FPKPAVWAVLWLMFAVRPALADELTNLLSSREQILRQFAEREQPVLPINRAPARRAG
z017_225 M DS FRKPAVHAVLWLMFAVREPALADELTNLLSSREQILRQFAEDEQPVLEPINRAPARRAG
z0l8 225 PREMD S FPKPAVWAVLWLMFAVRPALADELTNLLS SREQILRQFARDEQPVLEINRAPARRAL
zol9 225 M DS FRKPAVWAVLWLMFAVRPALADELTNLLSSREQILRQFAEDEQRFVLPINRAPARRAG
z021 225 MO S FPKPAVHAVLWLMFAVRPALADELTNLLSSREQILRQFAEDEQPVLPINRAPARRAL
z027 22% PM DS FFPRPAVWAVLWLMFAVRPALADELTNLLSSREQILRQFAEDEQPVLPINRAPARRALD
2028:235 IR DS FFKPAVHAVLWNLMFAVRPALADELTNLLESSREQILRQFAEDEQPVLPINRAPARRAG
Zzo29_2235 FRRM DS FRKPAVHAVLWNLMFAVRPALADELTHLLSSREQILRQFARDEQRPVLPINRAPARRAG
zol3 2235 1 MDSFFKPAVWAVLWLMFAVRPALRDELTNLLSSREQILRQFAEDEQPVLP.NRAPARRAC
zo03_ 225 M DS F K PAVHAVLWLNFAVRBALADELTNLLSSREQILRQFARDEQPVLPINRAPARRAG
zol5 223 AR DS F P PAVHAVLWLMFAVRPALADELTNLLSSREQILRQFAEDEQPVLPINRAPARRAG
£al020 PR DS FFKPAVHAVLWLMFAVRPALADELTNLLSSREQILRQFAEDEQPVLPHNRAPARRAG
z032 225 ERR M L SFFRPAVHAVLWLMFAVRPALADELTNLLS SREQILRQUFAEDEQPVLEYNRAFARRAG
ze33_225 PR DS FFRPAVWAVLWLMFAVREALADELTRLLSSREQILRQFARDEQPVEP)Y

zoQ5 223 e et v ae e

2008 235 N A D E L EGSAMG LN S T

z2481% FNADELIGSAMGLNER] A Mg FAS Y F Ao s Rl 3 el LN A SO PVE PVNRUVPARRAGNA
Zoll_225 RESDINLEINAGRIAO P VLPVNRVPARRAGNADEL IGKANG LN BeFR AR 012 5. 9:5: ¥ Xl 0P
Zo20G_225 LES ARl R AGAR A0 P VL P INRAPARRAGNADEL IGSAMG LN ERFAANAI§ AR F- V-2 - e f-Y
z001_2235 L X G 8 A G L N E

zo0% 225 . e

zol2 225 9. L A

zo22 225 . e e e eaaeas

zo23 223 SAMGLNE [

YA - AN A EL TG0 AMG L

Zo25_225 . e e

zo26 225 2 3 AMGE N 1 R -

2096 225 TAT G AN G L N E

2002 225 . e e e e s

zo04 225 } [ GSAMG LN E PSS e e a e e

zol6_225 v a s et e JOPVLPVNRVPARRAGNA
za07 225 . . e et s e QPVLEVNRVPARRAGNA
zolDd 225 S L TGS AM G L N E P T QPVLEVNRVPARRAGHNA
z0l4_225 PRSP NN O FVLPVNRVPARRAGNA
zol6 225 Ce e e ch i e QPVLPVNRVPARRAGNA
zo17.225 5 1. 37 2 [ QPVLFPVNRVPARRAGNA
zo1B8_225 N BOPVLPVNRVPARRAGNA
zol® 225 f ot e et s s IS O PVLPVYNRVPARRAGNA
z0o21_ 2285 AL EL I GSAMG LN E N QPVLPUVNRVPARRAGNA
Zz027 228 Ve v e e RO FPVLPVNRVPARRAGNA]
2028 225 3 2 3 L N [ T QPVLPVNRVPARRAGNA
2029 2285 . Ca v e e e e RO PVLEVNRVPARRAGNA
zol3 228 . : £ > L N L QPVLPVNRVPARRAGNA
zo03 225 2 3 K N MG PV LPEVNRVPARRAGNA
zol5 225 ; R
£a1080 LT 2 L s e e
z032_ 228 N B T T R PN
z0d3_22% P N NP P T -

FIG. 194
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zo0S5_225 DELIGSAMGLNEQPVLPVNRAPARRAGNADELIGNAMGLLGIAYRYGGTSI‘
zo08_225 DELIGsRMGLNEQPVLPVHRAPARRAGNADELIGNAMGLLGIAYRYGGTSISTGFDCSGF
224391

zoll_ 225

2o20_225

zodl 225

2009 _ 225

zol2 225

2022 225

zp23_225

zo24_225

z025 225

z026 225

zo?¥6_225

2002 225 DELIGNAMGLNEQPVLPVNRAPARRAGNADELIGNAMGLLGIAYRYGGTS

5004:225 DELIGNAMGLNEGPVLPVNRAPARRAGNADELIGNAMGLLGIAYRYGGTS

2006 225 DELIGNAMGLNEQPVLEPVNRAPARRAGNADELIGNAMGLLGIAYRYGGTS)

zo007 2285 DELIGNAMGLNEQPVLPVNRAPARRAGNADELIGNAMGLLGIAYRYGGTS

3016:225 DELIGNAMGLNEQPVLPVNRAPARRAGNADELIGNAMGLLGIAYRYGGTSY

zold_228 DELIGNAMGLNEQPVLPVNRAPARRAGNADELIGNAMGLLGIAYRYGGTSY

zol6 225 DELIGNAMGLNEQPVLPVNRAPARRAGNADELIGNAMCGLLGIAYRYGGTSES

2017 _22% CELIGNAMGLNEQPEVLPUVNRAPARRAGNADELIGNAMGLLGIAYRYGETS)

zol8 225 DELIGNAMGLNEQEVLPVNRAPARRAGNADELIGNAMGLLGIAYRYGGTSE

3019-225 DELTIGNAMGLNEQPEVLPVNRAPARRAGNADELIGNAMCGLLGIAYRYGHETS

3021 225 DELIGNAMGLNEQPVLPVNRAPARRAGNADELIGNAMGLLGIAYRYGGETS

2027 225 DELIGNAMGLNEQPVLPVNRAPARRAGNADELIGNAMGLLGIAYRYGGTSYSTEFDLSGF
2028 225 DELIGNAMGLNEQPVLPVNRAPARRAGNADELIGNAMCLLGIAYRYGGTSHSTGFDCSGF
zo28% 225 DELIGNAMGLNEQPVLPVNRAPARRAGNADELIGNAMGLLGIAYRYGGTSPSTGFUCSGF
z0l3_225 DELIGNAMGLNEQPVLPVNRAPARRAGNADELIGNAMGLLGIAYRYGGTS

zof3_225 y

zol5_ 225

£al030

zo32 2235

2033_225

2005 225

zo08_225

22491 PR NN O H Y P RAMGINLPRTSAERQARMGTRPVARSELQPGDMYPFRTILGGSRISHVGLYIGHNRT

z0ll_2325 181
z020_225 18%
zoltl 225 152
zol3 225 152
z2oli2 235 152
%022 22% 152
zo23 225 152
ze24 225 152
z025_225 152
2026 225 152
zo%E_225 152
zo02_ 225 152
zo04 225 152
zo006_225 152
2007 _225 152
zoll_225 152
zold 225 152
zolé_225 152
zol7_ 225 182
zol8_225 152
2019 _225 152
2021 225 152
zo27_225 152

MOHIPRRAMGINLPRYISAEQARMGTPVARSELQPEGDMYPFRILAGSRISHVGLYIGNNRF
MOHIFKRAMGINLERTSARQARMGTPVARSELQPGDIMVFFRTLGGERISEVGLY IGNNRY
MOHIFKRAMGINLERTSAEQARMGTPVARSELQPGDMVFFRTLGGERISHVEGLYIGNNRY
MOHIFKRAMGINLPRTSAEQARMGTIPVARSELQPCDMVFFRTILGGERISEVGLY IGNNRE
MOEIFKRAMGINLPRTSAEQARMGTPVARSELQPGDMVFFRTLGGERISHVELYIGHNNRY
MOHIFKRAMGINLPRTSAEQARMGTPVARSELQPGDMVEFFRTLGGSRISHVGLYIGNNRF
MOHTFRRAMCINLPRTSAEQARMETPVARSELQPGDMVFFRTLEGESRISHVGLYIGHNNRF
IMOHT FRRAMGINLEPRTSARQARMEGTPVARSELQPCDMVEFRTLGGSRISHVGLYTIGRNRF
QHIFKRAMGINLPRYSARQARMCTIPVARSELQPCDMVFFRTYLEGGSRISHVGLYIGNNRF
QHIFKRAMGINLPRTSAEQARMGTPVARSELQPCDMVFFRTLGGESRISHVGLY IGNNRF
MOHIFRRAMGYINLPRTSARQARMCIPVARSELOPEDMVFFRTLGGSRISEVOLY IGNNRF
MOHIFRRAMGINLPRTSAEQARMGTPVARSELQPGDNVFFRTLOGSRISHEVGLY IGNNRF
MOHIFKRAMGINLPRYSAEGARNGTPVARSELQPGDMVPFRTLGGERISHVGLY IGNNRE
MOHIFKRAMGINLERTSAEQARMGTPVARSELQPGDMVFFRTLGGSRISHEVGLYIGNNRY

OHIFKRAMGINLPRISAEQARMGTPVARSELOQPGOMVFFRTILGGSRISHVGLYIGNNRF
MOHIFERAMGINLPFRTISAEQARMBT PVARSELQPGDMVEFRTLEGERISHVGLYIGNNRF
MOBIFXRANGINLPRTSARQARMGTPVARSELOPGDMVFFRTLGGSRISHVGLY IGNNRE
MOHIFKRAMGINLPRTSAEQARMGTPFVARSELOPGDMVFFRTLGGSRISHVGLYIGNNRF
MOHIFXRAMGINLPRYSAEQARMGTPVARSELOPGDMVFFRTLGGSRISHVELYIGNNRE
MOHIFXRANGINLPRTSAEQARMGTPVARSELOPGDOMVFFRTLEGGSRISHVOLYIGNNRE
. QHIFARAMGINLPRTCSAEQARMCTPVARSELQPCONVFFRTLGGSRISHVGLYIGNNRE
S PP LR I OH I FKRANGINLPRTSAEQARMGTPVARSELQPGDMVFPRTLGGSRISHVGLYIGNNRF
EF L I B I OH T FKRAMGINLPRTSAEQARMGTPVARSELQPGDMVEFRTLGESRISHVGLY IGNNRF
PSR IO H Y FKRANGINLPRISAEQARMGTPVARSELQPGDMVEFFRTLGGSRISHVGLYIGNNRF
ETY N LA I OH I FKRAMGINLPRTSAEQARMGTPVARSELQPGDMVFFRTLGGS RISHVGLYIGNNRF
zal% 225 123 MOHIFKRAMGINLEPRTSAEQARMET PVARSELQPODMVFFRTLGGSRISHVOLYIGNNRY
£aloso 123 MQHIFKRAMGINLPRTSABQARMG“PVARSELQPGDMVFFRTLGGSRIbHVGLYIGNNRF
za32 235 123 MQHIFKRAMGINLPRTSAEQARMGNPVARSELQPGDMVFFRTLGGSRISHVGLYIGNNRF
2033;225 123 MQHIFKRAMGINLPRTSAEQARMGHPVARSELQPGDMVFFRTLGGSRISHVGLYIGNNRF

FIG. 19B
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zo005_ 225 212
zo08_225 212
224581 241
zoll_225 242
2020 _225 241
zodl 225 212
zo0% 225 212
zol2 225 212
zo22 225 212
zo23_225 212
zo24 225 212
z025_ 225 212
z026_ 225 212
z095_225 212
zol2 225 212
zp04_225 212 4
LN M-S - A PRIGKNIEITSLSHRYWEGHYAFARRVEKNDP SRFLNYTAYRY GG TS|
ap07_225 212 .
z0l8_225 212
zol4 225 212
zolé 225 212
zol7_225 212
zol8_225 212
zpld_235 212
z02l1 225 2132
=027 _225 212
zo28 225 212
zo2% 225 212
zold 225 212
zo03_225% 212
zol5_225 183
falosd 183
z032 225 183
z033_225 183

THAPRTGKNIRITSLSHEYWSGKYAFARRVKKNDP SRELNMIAYRYGGTSHSTGFDCSGF
IHAPRYIGENIRITSLSHEYWSGKYAFARRVEKKNDPSRFLNGYIAYRYGGTSRSTGFRCSGE
IHAPRYGENIEITSLSHEKY WS GRYAFARRVEXNDPSRFLNGIAYRYGGTSMSTGFRCSEY
THAPRTGENIEITSLSHEYWSGKYAFARRVKENDPSRFLNGIAYRYGOTSNSTCGFRCESGE
IHAPRTCGENIEITSLSHEYWEGKYAFARRVEXNDPSRFLNGIAYRYGGTSYSTGFDCESGE,
IHAPRTGKNIEITSLEHKYWECGKYAFARRVKKNDPERFLNGIAYRYVGGTSMETGFROSGEE
IHAPRTGENIEITSLSHEKYWSGKYAFARRVKENDP SRFLNGIAYRYGGTSHSTOFRCSGE
IHAPRIPGENIEITSLEHEYWSGKYAFARRVKENDPSRELNGIAYRYGGTSPSTEFRCSGE
THAPRIGKNIEITSLEHEYWSGKYAFARRVEKRNDPSRELNGIAYRYGETSMETEFDOSGEF
IHAPRTGENIEITSLEHEYWSGKYAFARRVKENDESRFLNGIAYRYQGT SIS TEFDCSGEE
THAPRTGKNIEITSLSHRKYWSGKYAFARRVKENDPSRFLNMYIAYRYGGTSMETGFRCSGF
THAPRITGKNIEITSLSHKYWSGRKYAFARRVKENDPSRFLNMYIAYRYGGTSHMSTGFDCSGET
IHAPRT&KNIEITSLSHKYWSGKYAFARRVKKNEPSRFLN*IAYRYCGTSIST&FDCSGF
THAPRTGKNIEITSLSHKYWSGKYAFARRVKENDPSRFPLN
THAPRTGKNIEITSLSHEKYWSGKYAFPARRVEKKNDPERFLE

THAPRTGKNIEITSLEHKYWSGKYAFARRVKKNDPSRFLNGIAYRYGGTS
IHAPRTGRNIEBITELEHKYWSGKYAFARRVEKEKNUPSRFLNGTIAYRYGGTS
ITHAPRTGRNIEITSLSHKYWSGKYAFARRVKKNDPSRFLNGTIAYRYGGTS
THAPRTORNIEITSLSHKYWSGKYAFARRVEXNDPSRFLNGTIAYRYGGETS
ITHAPRTGKNIEITSLSHKYWSGKYAFARRVKKNDPSRFLNGIAYRYGGTS
THAPRTGKNIEITSLSHEYWSGKYAFARRVKEKNDPSRFLNGIAYRYGATSEYS
IHAPRTGRNIEITSLSHKYWSGKYAFARRVEKRNDPSRFLUNGYIAYRYGGTS
IHAPRTGKNIET TS LSHRYWSGKYAFARRVKKNDPSRFUNGIAYRYGGTS
IHAPRTGENIEITSLSHEYWSGKYAFARRVEKNDP SRFLNGIAYRYGGTS
IHAPRTGENIEITSLEHEYWSGKYAFARRVEXNDPERFLNGIAYRYGGTS
ITHAPRTGENIETTSLEHEYWSGKYAFARRVKEKNDP SRFLNHIAYRYGG TS|
IHAPRTGENIEITSLSHRYWSGKYAFARRVKENDPSRELNGIAYRYGGTSP
IHAPRIGRNIEITSLSHEKYWEGKYAFARRVEENDESRFLNYMIAYRYGGTS
IHAPRIPGENIEITSLSHEYWSGKYAFARRVEENDPERPLEYIAYRYGGT SE,
IHAPRTGENIEITSLSHEYWSGKYAFARRVEKENDPSRFLVNIAYRYGGTSRSTGFRCSGF
[THAPRTGENIEITSLSHRYWSCRKYAPARRBMKENDRPSRFPLNYTIAYRYGEBTSRSTEGFRCSGF

MSTGFDCSGF
(STGFDCSGF
STGFDCSGF

MOHIFKRAMGINLPRTSARQARMGTPVARSELQPGDMVFPRTLGGESRISHVGLY IGNNRF
MOHIFKRAMGINLPRTSAEQARMG T PVARSELQPEDMVFFRTLGGESRISHVGLY IGNNRE
MOHIFKRAMGINLPRTSARQARMGTPVARSELQPGDMVFFRTLGGSRISHVEGLY IGNNRY
ORI FKRAMGINLPRTSARQARMGTPVARSELOPGDMVFFPRTLGGERISHVBLY IGNNRTE
MOHIFKRAMGINLPRTSAEQARMGT PVARSELOPGPUVFFRTLGGSRISHVGLYIGNNRT
zo01_225 M O H Y FKRAMGINL PRT SAEQARMGTPVARSELOPGPMVFFRTLGGERISHVGLY IGNNRYF
z003%_225 MO IFKRAMGINLPRTSARDARMGTPVARSELQPGPMVFFRTLGGSRISHVGELY IGNNRE
zol2 225 MO IF KRAMGINLPRT SARQARMGTPVARSELQPGDMVFFRTLGGSRISHVGLYIGNNRYE
o223 235 PR O H I FKRAMGINLPRTSARQARMGTPVARSELRPGDMVFFRTLGGSRISHVGLY TGNNRYF
2023 225§ .M OH I FKXRAMGINLPRTSAEQARMGTPVARSELOPGDMVFFRTLEGEGSRISHVGLYIGNNRY
zo24 225 L MO IPKRAMGINLPRTSAEQARMGTPVARSELGPGDMVFFRTLEGSRISHVGLY IGNNRE
ze25 225 AV aEMOH I PKRAMGINLEPRTSAEQARMGTPVARSELQPGDMVFFRTLGGSRISHVGLYIGNNRF
z026 225 L M OH T P RAMCGINLPRTSAEQARMGTPVARSELOPGDMVFFRTLGGSRISHVGLY IGNNRF
2096 225 LV EMOH IFKRAMGINLPRTSAEQARMGTPVARSELQPGDMVFFRTLGGSRISHVEGLYIGNNRY
zol2_ 225 M OH T PR RAMGINLPRTSAEQARMGTPVARSELOQPGDMVFFRTLGGSRISHVEGLYIGNNRY
zol4 225 R OH T PR RAMGINLPRTSAEQARMGTPVARSELQPGDMVFEFRTILGGERISHVELYIGNERF
zo06_225 AN OH I PERAMGINLPRTSAEQARMGTPVARSELQPGDMVFFRTLGGSRISHVGLYIGNNRF
zo07 _22% M OH T PKRAMGINLPRISAEQARMGTPVARSELQPGDMVFFRTLGEGESRISHVGLYIGNKERF
EA RO SR R VA O 1 T P K RAMGINLPRTSAEQARMGTPVARSELQPGDMVFFRTLGGSRISHVGLYIGNNRF
L ER S L R A O H T FKRAMGINLPRTSARQARMG T PVARSELQPGUMVEFRTLGGERISHVGLY IGNNRF,
L FR -3 V- O H T FKRAMGINLPRTSAEQARMGTPVARSELOQPGOMVFFRTLGGSRISHVGLY IGNNRE
FX- R - L R A O H T FK RAMGINLPETSAEQARMGTPVARSELQPGDOMYFFRILGGSRISHVGLY IGNNRF,
E-PR: I R A OH T FK RAMGINLPRTSAEQARMGTPVARSELQPGDMYFFRILGGSRISHVGLY IGNNRF,
L ER Y- R S A O H T PKRAMGINLPRTSAEQARMCTPVARSELQPGOMVEFRTLEGSRISHVOLYIGNNRF
RS S O H I PKRAMGINLPRTSAEQARMEGTPVARSELQPGDMVFFRTLEGSRISHVOLYIGNNRY
- PY S LR P A O H T FKRAMGINLPRTSARQARMGTPVARSELQPGDMVFFRTLGAGSRISHVOLY IGNNRY
E3- PR NS L R R A O H T FKRAMGINLPRTSAEQARNGTPVARSELQPGDMVFFRTLGGSRISHVGLY IGNNRF
LTS LR R I OH T FKRAMGINLPRTSAEQARMGTPVARSELQPCDMVFFRTLGGSRISHVGLY IGNNRF,
zolld 225 NP ERECH I FKRAMGINLPRTSAEQARMGTPVARSELQPCDMVEFRTLEGSRISHVALYIGNNRE
EX TN L B M O I FKRAMGINLPRTSAEQARMGTPVARSELQPGDMVFFRTLOGSRISHVGLY IGNNRF
EL PP LR S R OH I FKRAMGINLPRTSAEQARMGTPVARSELQPGDMVFFRTLEOGSRISHVGLYIGNNRY
£al0s0 ARl O T FRRAMGINLPRTSAEQARMGEIPVARSELQPGDMVFFRTLGGSRISHVGLY IGNNRE
Z032_225 123 MQHIFKRAMGINLPRTSAEQARMGHPVARSELQPGDMVFFRTLGGSRISHVGLYIGNNRF
RN LR R OH L FKRAMGINLPRTSAEQARMCHEIP VARSELQPCDMVEFRTLOGSRISHVGLYIGNNRE

2005_225 152
z008_225 152
22491 181
z0ll_225 181
zo2{ _225 181

FIG. 19C
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gnmzql9 i NLAST
gonmzgdl 1 @LAST
£falosQ b K P LY LOLAAVELALSACQVEIKAPDHDY TS FKESKPASTILVVEPLNESPDVNGTWGIALAST
gnmzg32 1 MKPLILGLAAVLALSACQVHKAPDHDYTSFKESKPASILVVPPLNESPDVNGTWGhLAST
gnmzg33 FEEMK P LILOLAAVLALSACOVIRAP UMDY TSFKESKPASILVVEPLNESPDVNGTWGILAST
gnmzgll EEM K P LI LG LAAVLALSACQVQRKAPDFDYTSFRKESKPASTILVVEPLNESPDVNGTWEVLASY
gnmzgds MK P LI LG LAAVLALSACQVQKAPDFDYTSFRESKPASILVVPPLNESPDVNGTWGVLAST
gnmzg08 MK P LI LG LAAVLALSACQVOKAPDFDYTSFRKESKPASILVVPPLNESPDVNGTWAVLAST
gnmzgd2 P K P LI LG LAAVLALSACQOVOKAPDFDYTSFRKESKPASILVVPPLNESPOVNGTWGVLAST
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RMELDKTFEERDEINSTVVEALDEAAGAWGVEVLRYEIKDLVPPOEILRIMOAQITAERE
RMELDKTFEBRRDEINSTVVREALDEAACAWGVEVLREYEIKDLVPPQEILREMOAQITAERE
RMELDKTFEERDEINSTVVIMALDEAAGAWGVRVLRYEIKDLVPPOEILRSMQAQITAERE
EMELDEKTFEERDEINSTVVIIALDEAAGAWGVEVLRYEIKDLVPPOEILREMRAQITAERE
RMELDKTEFEERDEINSTVVEIRLDEAAGAWGVRVLRYBEIKDLVPPQETLREMQAQITAERE
RMELDRTFEERDEINSTVVEHALDEAAGARNGVEVLRYEIKDLVPPQEILREMQAQITAERE
RMELDKTFEBRDEINSIVVEALDBAAGAWGVEVLRYEIKDLVPPQEILRSMQAQITAERE

szé:S&S SRR HE L DK TFEERDEINS TVVEALDEAAGANGVEVLRYEIKDLVYPPQEILRSMQAQITAERE
2v05_ 519 P PR ME L DK TFEERDEINSTVVHALDEAAGAWGVEVLRYEIKDLVPPQEILREMQAQITARRE
Zv0i_518 R R M E L DK TFEERDEINSTVVRIALDEAAGAWGVEVLEYEITKDLVPPQEILREIMQAQITARRE
zv07_ 519 PR ME L DK T FEERDEINSIVVIRALDEARGAWGVKVLRYEIKDLVPPQEILREMQAQITAERE

zvl2_519 121
zvl8_3513 121
zvld_ 5189 121
2v21i _51%ass 121
zv27_518 121
zv20 _Si%ass 121
zv06 _SiB%ass 121
z2v23 Sl8%ass 121

RMELDKTFEERDEINSTVVE
RMELDKTFEERDEINSTVVY
RMELDRTFEERDEINSTVYY
RMELDRKTFEERDEINSTVYY
RMELDKTFEERDEINSTVVY

ALDERAGAWGVEVLRYEIKDLVPPQEILREMQAQITARRE
ALDEAAGAWGVEVLRYEIKDLVPPOEILRSMOAQITAERE)
ALDEAAGAWGVEVLRYEBIKDLVPPQEILRSMQAQITAERE
ALDEAACAWGVEVLRYEIKDLYPPOETLRSMQAQITAERE)
ALDEAAGAWGVEVLRYEIXDLVPPQEILRSMORQITARRE
RMELDKTFEERDEINSTVVLRALDEAAGAWGVEVLRYEIKDLVPPQEILRSMQAQITAERE)
RMELDKTFEERDEINSTVIHALDEAAGAWGVEVYLRYEIKDLVFPQETILRSMQAQITAERES
RMELDKTFEERDEINSHRVVEALDEAAGAVWGVEVLRYEIKDLVPPQETLREMQRQITARRE
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KRARIAESEGRKIEQINLASGQOREAEIQQSECEAQAAVNAGSNAEKIARINRAKGEAESLR
KRARTAESEGREKIEQINLASGOREAEIQOSEGEAQAAVNASNARKIARINRAKGEAESLR
KR&RIAESEGRKEEQINLASGQREAEIQQSEGEAQAAVNASNAEKIARINRAKGEAESLR
KRARIAEBSEGRKIEQINLASGORFAEIQOSEGEAQAAVNASNAEKTIARINRARCGEAESLR

z2491 518 181
zv26 519 181
zv22 S19%aas 181
£al0S0_519 ig1

zv3i2 519 P RARTAESEGREKTEQINLASGQREARIQOSEGEAQAAVNASNAEKTARINRAKGEAERLR
zvlil 819 S RARTAESHGRRKIEQINLASGQREAEIQQOSEGEAQAAVNASNARRITARINRARGEAES LR
zv28 519 SRR RARTAESEORKIBQINLASGQREAETQQSEGEAQAAVNASNAEKTARINRAKGEAESLE
zv36 519 KRB RART AESKGREIEQINLASGRREAEIQOUSKEGEAQAAVNASNAEKTARINRAKGEAESLR
zvD2 S1% RN RARTAESROGREILEQINLASGOREAEIDOSKEGEAQAAVNASNAEKIARINRAKGEAESLR]
2v03 519 bR R AR TAESEGREKIEQINLASGOREAETIQQSEGEAQAAVNASNAEKIARINRAKGEARSLR
av04:519 PRI AR I AESEGREIEQINLASGOREAEIQQSEGREAQAAVNASHNAEKIARINRAKGEAESLR
av05_ 518 I PERE RARIAESEGREXIEQINLASGRQREAEIQQOSEGEAQAAVNASNAEKIARINRAKGEARSLR
sv01_51% P BER ARIAESECRKIEQINLASGOREAEIQQSEGEAQAAVNASNAEKIARINRAKGEARSLR
sv87_518 b BERE R AR IAESEGRKIEQINLASGOREAEIQQSEGEAQAAVNASNAEKXIARINRAKGEAESLR
sv12_519 R R AR T ARESEGRKIBQINLASGOREAEIQQOSEGEADAAVNASNAEKIARINRAKGEAESLR
zvla 519 MU BERK RAR IAESEGRKIEQINLASGOREARIQUSEGEAQAAVNASNAEKIARINRAKGEAESLR
zv19:519 MR RARIAESEGRKIEQINLASGOREARIQQSEGEAQAAVNASNAEKIARINRAKGEAEBSLR
zv2i 51i%ags PR BERE RARIAESEGRXIEBQINLASGRREAEIQRSEGEAQAAVNASNAERKTARINRAKGEARSLR
zv27 519 PSR R AR I AE S ECRKIEQINLASGOREAERIQOSECEAQAAVNASNAEKIARINRAKGEARSLR

zvz20 519ass 181
zv06 519aas 181
Zv2%_519ass 181

KRARILAESEBGRKIEQINLASGOREAEIQQSEGEAQAAVNASNAEK IARINRAKGEAESLE,
KRARTAESEGREIEQINLASGOREARIQQSEGRAQAAVNASBNAEKIARINRAKGEAESLE
KRARTAESEGRRKIEQINLASGOREPEIQQSEGEAQAAVNASNAEKTIARINRAKGEARSLR

22481 5189 241
zva6é_ 519 241
zv22 51%ass 241
£41050_51% 241

LVAEANABAIRQIAAALQTOCGADAVNLKIAEQYVAAFNNLAKESNTLIMPANVADIGSL
LVAEANARBAIRQIAAALQTQEGADAVNLKIAEQYVAAFNNLAKESNTLIMPANVADIGSED
LVAEANABAIRQIAAALQTQGGADAVNLKIAEQYVAAFNNLAKESNTLIMPANVADIGSL
LVAEANABAIRQIAAALQTQGGADAVNLRIAEQYVAAFNNLAKESNTLIMPANVADIGSL

z2v32_518 PN VA RANAEA L RQIAAALOTQGCGADAVNLKIAEQYVAAFNNLAKESNTLIMPANVADIGSY
zv1ll_519 FE NI VARANAEAIRQIAAALQTCEGADAYNLX IAEQY VAAFNNLAKESNTLIMPANVADIGSL
zv28_ 519 PR VA RANAEAIRGIAAALOTOECADAVNLRIARQYVAAPNNLARESNTLIMPANVADTGSL
Zv96_519 PRSI VARANAEATRGIAAALOTQECGADAVN LRI ARQYVAAFRNNLARESNTLIMPANVADTGSL
zv02_519 PRSI v ARANAEATIRGIAAALOTQGGAPAVNLK FARQYVAAFNNLARESNTLIMPANVADIGSL
zv@3 519 PSRN VAR ANARATRQIAAALOTGGGADAVNLK TARQYVAAPNNLAKESNTLIMPANVADIGSL
zv@4 519 FEREN U AEANABATRQIAAALQTQGCADAVNLKIARQYVAAFNNLAKESNTLIMPANVADIGSL
zv{5 519 PESEN VARANAEAIRQIAAALQTOGGADAVNLKIARQYVAAFNNLAKESNTLIMPANVADIGSYL
vyl _519 PRSI A ANAEAIROIARALQTQGGADAVNLEKIARQYVAAFPNNLAKESNTLIMPANVADIGSL
zv07?_519 PRSI VAR ANAEAIRQIAAALQTQGGADAVNLKIAEQY VAAFNNLAKESNTLIMPANVADTIGEL
zvi2 519 PR VAR ANAEAIRQIAAALOTOUGADAVNLKIABQYVAAFPNNLAKRSNTLIMPANVADIGSL

zv18:519 PERER L VAEANARAIRQIAAALDTQOGADAVNLEIAEQYVAAFPNNLAKESNTLIMPANVADIGS L
2v1i9_ 513 PR RN,V AEANAEAIRQIAAALDTQGGADAVNLEKIAEQY VAAFNNLARESNYLIMPANVADIGSL
zv2Zl_S51l3%ass PR R L VA RANAEAIRQIAAALQIQGGADAVNLETREQY VAAPNNLAKRSNYLIMPANVADIGSL
2v27 519 PR RO LV AEANAEAIRQIAAALYTPQGGADAVNLEKIAEQYVAAPNNLAKESNTLIMPANVADIGSL

zv20 S1%ass 241
zv0fs_519%ass 241
zv29 _51%asm 241

LVAEANAEAIRQIAAALOQTQGGHADAVNLEKIAERQYVAAFNNLAKESNTLIMPANVADIGS
LVAEANAEATRQIAAALQTOGGADAVNLETAEQYVAAFNNLAKESNTLIMPANVADIGEL
LVAEANAEATIRQIAAALOTOCGGADAVNLEIAEQYVARFNNLAKESNTLIMPANVADIGSEL

22431 518 301
Z2v26_519 301
Zv22_51%ass 301
Eal(a0_519% 30%

ISAGMKIIDSSKTAKGTVVHALDEAAGAWGVKVLRYEIKDLVPPQEILREMQAQITAERE
ISAGHMEITIDESSKTAKYTVVEMALDEAAGAWGVREVLRYELKDLYPPOELLREMQAQITARRE
ISAGMEIIDS SETAKY TV VEHALDEAAGAWGVRYLRYEIKDLVPPQELLRSMQAQITAERE
ISAGMEIIDSSKTAKETVY ALDEAAGAWGVKVLRYEIKDLVPPQEILREMQAQITAERE

zv3i2d 519 kAT SAGMKIIDESKTAKYTVVEIALDEAAGAWGVEVLRYEIKDLVEPPOETLREMMOAQI TARRE
zvil 519 AR T S A CNE I I DS SKTAKYTVVRAALDEAAGAWGVEVLRYEIKDLVPPCEILREMQAQITARRE
Zv28_519 LR T SAGMKIIDESKTAKGTVVRAALDEAAGAWGVEVLRYEIKDLVPPORETLRESMQAQITARERE
Zv36_519 301 ISAGMKIIDSSKTAK*TVVHALDEAAGAWGVKVLRYEIKDLVPPQEILRSMQAQITAERE
vd2 519 LR T SAGHMRKITDSSKTAKYTVVEHALDEAAGAWGVEVLRYEIKDLVPPQRTLRSMOAQITAERE
zv33 519 AT SAGHMEIIDSSKTARYTVVEALDEAAGAWSVEVLRYETKDLVPPQETILRSMQAQTITAERE
zvid4 519 LR T SAGMEITDISKTARYTYVEIA LDEAAGAWGVEVLRYETKDLVPPQEILRSMQAQITARRE
zv35_519 AT S AGMKI I DS SETAKYTVVRIALDEAAGAWSVEVLRYEYIKDLVPPQEILRSMQAQITARERE
zv0l_ 519 LT CAGMEKITIDS S KTAKYTVVERR LD ERAGAWSGVEVLRYEIKRDLVPPQEILRSMQAQITARERE
zvid? 519 301 ISAGMKIIDSSKTAK*TVVRA

zvi2 519 301

zZvi8 5139 361
zvi® 519 ER AT SACGMEKIIDSSKTAKWTVVER LD EAAGAWGVEVLRYEIXDLVPPOUETILRSMQAQITAERE
2v2l_Sl1l%ass 301

ISAGMEIIDSSKTAKRTVVERLDEAAGAWGVEVLRYEIKDLVPPOEILRESMOQAQITAERE
ISAGMKIIDSSKTAK*TVVRALDEAAGAWGVKVLRYEIKDLVPPQEILRSMQQQIT&ERE
ISAGMKIIDSSKTAK*TVVRALDEAAGAWGVKVLRYEIKDLVPPQEILRSMQAQITRERE
ISAGMKIIDSSKTAKYTVIHALDEAAGAWGVRVLRYEIXDLVPPQOELTLREMOAQITAERLY
ISAGMKIIDSWKTAK*IVVSALDEAAGAwGVKVLRYEIKDLV?PQBILRSMQRQITAERE

=vw27?_519% 301
zvZ0_53iS%ass 301
zvD6_5iJass 301
z2v29_519%ass 301
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£fal0sg €1
zm33asbe [
zm3Zasbe &1
z2mliasbe &1
zm27bhe 61

YTVVPHLSHPHWAAQDFAKSLQSFRLGCANLKNRQGWQDVCAQAFQTP‘HSFQAKRFFER
¥ TVVPHRLSWPHWAAQDFAKSLUSFRLGCANLKNRQGWODVCAQAFQTPVHE FQAREF FER|
¥TVVPHLSLPHWAAQDFAKSLUSFRLGCANLKNRQGWODVCAQAFQTPVHESFQARQFFER
Y TVVPHLELPHWAAQDFAKSLOSFRLUGCANLENRQGHWOEDVCAQAFQTPVHSFQARKQFPFER

zm9 [P Y TVVPHLSLPHWAAQDFAKSLOSFRLGCANLENRQGWODVCAQAFQTPVHSFQARQFPFER
zml0 [P WY TUVPHLSLPHWAADDFAKSLOSFRLGCANLRNRQGWODVCAQGAFQTPVHSFQAKQFFER
zm2 4 |l TV PHLSLPHWAAQDFAKSLOSFRLGCANLKNRDGHODVCAQAFQTPVHEFQAKQFFER
Zm25 [ Y TVVPHLSLPAWAAQDFAKSLOSFRLGCANLKNRQGUQDVCAQAFQTRPVHEFQAKQREER

zmlg 631
zm0d &1
zmlilasbe 63
zwmDBn 63
zm86 [
zmil 61
zmb2 631
z2m03 61
z2mQ07 &1

Y TVVPHLSLPHWAAQDFAKSLOSFRLGCANLKNROGWRDVCADAFQTPVHSFOAKOFFER
Y TVVPHLSLPEWAAQDFAKSLOS PRLECANLENROGWODVOAQAFQTPVHS FOARQFFER
YTVVEHLSLPHWAAQDFAKSLOSFRLECAYLENROGWODVCAQAFQTPVHSTOARQFFER
Y TVVPHLSLPEWARQDFAKSLQSFRLECANLENROGWQDVCAQAFQTRVHEFQAKQFFER
¥ TVVPHLSLPEWARQDFARSLOSFRLECANLENROGWODVCADAFQTPVESFOAKDFFER
¥ TVVPHLSLPHWARQDFAKSLOSFRLGCANLKNRQGWODVCADAFQTPVHSFOAKQFFER
YTVVFHLSLPEWAAQDFAKSLQSFRLCCANLENROGWODVCAQAFQTPVHSFQAKQFFER
YTVVPHLSLPHWAAQDFAKSLOSFRLEGCANLENRQGWQDVCAQAFQTPVHSFQAKQFFER
YPYVPHLSLPEWAADDFAKSLOSFRLGCANLENRQGRGDVCAQAFQTPVHSFQAKQFFER

zm12 ANy TVVPHLS L PEWAAQDFAKSLOSFRLGCANLEKNRQGRODVCAQAFQTPVESFQAKQFFER
zm18 AW T VY PHL S LPRWAADDFAKSLOSFRLGCANLENRQGRODVCAQAFQTPVHSFQAKOFFER
zmi® E Y TV PHLSLPRWAAQDFAKSLOSFRLGCANLKNRQGHODVCAQAFQTPVHS FQAKQFFER
zm2 0 Sy TVVPHLSLPRWAADDFAKSLOSFRLGCANLENRQGHODVCAQAFQTEVHSFOAKQFFER

zm2l [ BARY TV PHLSLPAWAADDFAKSLYSFRLGCANLENRQGHWQDVCAQAFQTPVHSFRQARKQFFER
zm0 6 [ SRR TVVPHLSLEPHWAAQDFAKSLQEFRLGCANLENRQGHQDVCAQAFQTPVHESFQAKQFFER
emli? LAY VY PHESLPHWAAQDFPAKSLOSFRLGUANLENRQGWODVYCAQAFQTPVHSFQAKQFFER
2mi3 61 YTVVPHLSLFHWAEQDFAKSLQSFRLGCANLKNRQGWQDVCAQAFQTPVHSFQAKQFFER

zmd 5 61
22481 &1
Zm22 61
zm2$ [ 3
zZmZ8 61
zm2%ashe [
zmlib S
Zzmib 61
zm3lasbe 61

Y TVVPHLSLPEWAADDFARSLOSFRLUECANLENRQGRODVCAQAFQTPVHSFOARQFFER
YTVVPHLSLPHWAAQDFAKSLQSFRLGCANLhNRQGWQDVC&QAFQTPVHS@QAKQFFER

Y ITVVPHLSLPHWAAQDFAKSLOSFRLGCANLENRQGWODVCAQAFQTIPVHEGQAKQFFER
Y TVVPHLSLPEWAAQDFARSLOBFRLGCANLRNRQGHODVCADAFQTREVHSHQAKQEPFER
Y TVVPHLSLPHWAARDFAKSLQSFRLGCANLKNRQGWODVCAQAFQTPVHESFQAKQFFER
Y TVVPHLSLPHEWAAQDFAKSLOESFRLGCANLKNRQGUWQDVCAQAFGTPVHEHSFQAKQPFER)
YTVVPHLSLPRWAAQDFAKSLOSFRLGCANLKNRQGRWQDVCAQAFQTPVHSFQAKQFFER
¥ TVVPHLSLPHWAAQDFAKSLRSFRLOGCANLKNHQGRQDVCAQAFQTPVHSFQAKQFFER
¥TVVPHLSLPHWAAQDFAKSLQEFRLGCANLENRQGUOQDVCAQAFQTPVHEFQAKQFPFER
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Y FTPWQVAGNGSLAGTVTIGYYEPVLKGDRRIIGNARFPIYGIPDDFISVPLPAGLRYGKY
Y FTPWOVACNGELAGTVIGYYEPVLKGDERRTIAARFEIYGIPDDFISVPLPAGLREGKY
Y T PWOVAGNGSLAGIVTEGYYEPVLEGDERERTIIARFFIYGIPRDFISVPLPAGLRYGKA
YFTPWOVAGNGSLAGIVIGYYEPVLEGDPRRRTAQARFPIYGIPFDDFISVPLPAGLREGKA
Y P TPWOVAGCNESLAGTIVTGYYERPVLEKGDRRRTAQARFPIYGIPIDFISVPLPAGLREGKA
¥ TEWOVAGNGSLAGIVTGYYEPVLEGDDRERTAQARFPIYGIRDDFISVPLPAGLRSGEA
¥ F TPWOVAGNGSLAGIVITGYYEPVLEKGDBRRTAQARFPIYGIFIDFISVPLPAGLRSGKA
YFTPWOVAGNGSLAGIVIGYYEPVLKGDDRRTAQARFPIYGIPDDFISVPLPAGLRSGKA
Y P T PWOVAGNGSLAGTVTGYYEPVLKGDDRARTAQARFPPIYGIPDDFISVPLPAGLRSGKA
P T PWOVAGNGSLAGTIVTGYYEPVLKGDDRERTAQARFPIYGIPDDFISVPLPAGLESGKA
Y P T PRQVAGNGSLAGTIVTIGYYEPVLKGDDRRTAQARFPPIYGIPODPISVIELPAGLRSGKA
YFTPWOVAGNGSLAGIVTOGYYEPVLKGDDRRTAQARFPPIYGIPDDPISVELPAGLREGKA
Y P T PWOVAGNCESLAGTIVIGYYERPVLKGDDRRTAQARFPIYGIFPPDFISVPLPAGLRSGKA
Y T PWQVAGNGSLAGTVTGYYEPVLKGDDRRTAQARFPIVYGIPDDFISVPLPAGLRSGKA
Y FTPWOVAGNGELAGTVIGYYERPVLACGDDRRTAQARFPIYGIFPDDRISVPLPAGLREGEKA
Y FTPWOVAGNGELAGTVTGYYEPVLKGDDRRTAQARFPIYGIPPDFISVPLPAGLRSGKA
Y F P PWOVAGNGSLAGTVTIGYYEPVLEGDDRRTAQARFPIYGIPLDFISVPLPAGLRSGKA
Y P T RPWOVAGNGSLAGTIVIGYYEPVLEGDDRRTAQARFFIYGIPDDFISVPLPAGLRSGKA
YT PWQVAGNGELAGTVTGYYEPVLEGDDRRTAQARFPIYGIPRDFISVPLPAGLRSGKA
FTPWOVAGNGSLAGTVTGYYEPVLEKGDDRRTAQARFPIYGIPRDFISVPLPACLREGKA
Y FTPWOVAGNGSLAGTVTGYYREPVLKGDDRRTPADARFPIYGIPDDFISVPLPAGLREGKA
Y FET RPWOVAGHNGSLAGTVTGYYEPVLKGDDRRTAQGARFPIYGIFRDDFISVPLPAGLREGKA
YFTPROVAGNGSLAGTVTGYYEPVLKGDDRRTAQARFPIYGIPDDFISVPLPAGLRSGKA
Y E T PWOVAGNGSLAGTVTIGYYEPVLKGDDRRFAQARFPIYGIPRDFISVPLPAGLREGKA
FTPWOVAGNGELAGTVTGYYERVLEGDDRRTAQARFPIYGIPDDFISVPLPAGLREGKA
FIPWOVAGNGSLAGTVIGYYERPVLKGDDRETAQARFPLYGIPDDFISYVPLPAGLRSGKA
YETPWOVACGNGSLAGTIVIGYYEPVLKGDDRRTAQARFPIVYGIPDDFEISVPLPAGLREGRA
PITPROVACGNGSLAGTVIGYYEPVLKGDDRRTAQARFFIYGIPDDFISVPLPAGLREGKA
FIPWQVAGNGSLAGTIVIGYYEPVLKGDDRETAQARFPIYGIPDDFISVPLPAGLREGEA
Y FTPWOQVAGNGESLAGTVIGYYEPVLKGDDRRTAQARFPIYGIPDDFISVPLPAGLRSGKA
FIPWQVAGNGSLAGTVIGYYEPVLKGRDRRATAQARFPIYCGIPDDFIBVPLPAGLRSGKA
FIPWRVAGNGSLAGTVIGYYEPVLRKGDORRTAQARFPIVGIPDDFISVPLPAGLREGKA
P T PO VAGNGSLAGTVIGYYEPVLKGDORRTAQARFPIYGIPRBIFISVPLPAGLREGKA
FTPHQVAGCNGSLAGTIVIGYYEPVLRGDDRRTAQARFPIYGIPDDFISVPLPACGLREGKA
YP T PWQVAGNGSLAGTVIGYYEPVLKGDDRRTAQARPPIVYEIPDDRISVPLPAGLREGKA

LYRIRQTGKNSGTIDNE

LYVRIRQTEKNSGT I DN
LYRIRQTGRNSGT IDN
LVRIRQTGENSGTY IDN
VRIRQTGENSCGYIDNNCGETHTADLSUFPITARTTAIKGRFEGSRFLPYHTRNQINGGAL
LVRIRQTGKNSGTIDNRGGTHTADLERFPITARTTATKGRFEGSRFLPYHNTRNQINGGAL
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DeKAFILGYAEDPVELFFMHIQGSGRLKTRESCKYIRIGYADKNEHPYVSIGIYNMADRGY L
DEKAFILGYAEDPVELFFMHIQGSGRLKTPSGRYIRIGYADRKNBHP Y VEIGRIYMADRGYL
DGKAPILGYARDPVELEFMHYQGSGRLEKTPSGEYTRIGYADKNENPYVEIGEHYMADEGYL
DEKAPILGYAERPVELFFMHIQGSGRLKTPSGRYIRIGYADRKNEHPYVEIGUYMADRGY L

faloeo 241
zm33dasbe 241
gm32asho 241
gm2iasbe 241

gm27he PN K AR I LGYAEDPVELF FMHIQGSGRLKTPSGRYIRIGYADKNEHPYVEIGHYHMADRGY L,
zmQ3 PESEDGRAP I LGYARDPVELFFMEIQGSGRLKTPSCKYIRICYADKNERPYVS IGIVMADKGY L
zmld PENEND G AP I LGY AR D PVELFFMEIQUSGRLEKTPSCGKYIRIGYADKNEHPY VS IGIVHMADEGY L
zm24 LR AP I LG AR D PVELFFMHEIQGSGRLKTPEGKY I RIGYADKNEHPYVEIGIAYMADKGY L
zm2 5 PN GKAP LY AEDPVELFFMHIQGCEGRLRTPSCKYIRIGYADKNEHPYVSIGIIYMADKGYL
zmlid LSO GRAP I LGYARDPVELFFMHIQGSGRLATPSGEKYIRIGYADKNEHFYVSIGIAYMADKGYL
zmQ4 FE SO G AP T LGY ARDPVELFFMEIQGSGRLETPSGRYIRIGYADKNEHPYVESIGRYMADKGYL
PR Y SO G AP I LGY AEDPVELFFMETIQGSGRLETPSCKY T RIGYADKNEHP Y VE IGIAYMADKGY L
zm08n FE PO GKAP T LGYAEDPVELFFMHAIQGSGRLETPSCGKYIRIGYADKNEHPYVESIGRIYMADKGYL
zmI6 FE SR GKAP I LGYARDPVELFFHHIQGSGRLETPSCKYIRIGYADKNEHPYVSIGIUYMADKGY L
zmQl FE D CE AP I LGYAEDPVELFFMHIQGSGRLETPSGKYIRIGYADKNEHPYVEIGIIYMADKGYL
z2mp2 FE R D G AP T LEYAREDPVELFFMHIQGSGRLKIPSGRYIRIGYADKNEHPYVEIGRIYNADKGYL
zm03 FL YD G KAF I LGYAEDRPVELFFMHIQGSGRLKTPSGKYIRIGYADKNERPYVSIGRIYMADRGYL
2m07 LSO G KAR I LGYARDPVELF FMEIQGSGRLETPSGRYIRIGYADENEHPYVEIGRIYMADRGY L
zmi2 PSR G AR I LGY AR PVELPFMHIQGSGRLKTPSGKYIRIGYADKNEHPYVEIGRIYMADRGYL
zmli8 FESRRDGKAPT LGYAEDPVELFFMHIQGSGRLKTPSGRYIRIGYADKNEHPY VS IGRAYMADKGY L
zmli§ YD G AP T LGYAEDPVELFFMHIQOSGRLKTPSGEYIRIGYADRKNEHPY VS IGIAYMADRGYL
zm2 0 PN DGR AP T LG Y AR P VELFFMHIQGSGRLXTRSGEYIRIGYRDEKNEHPYVEIGIHYMADRG YL
zm23 PR GRAP I LGYAEDPVELFFMHIQUSORLKTPSGRKYIRIGYADKNEHPYVEIGIAYMADKGY L
zm( 6 FEARD R AP I LG Y AED P VELFFMHIQCSGRLETPSCRYIRIGYADKNENPYVSIGIYMADKGYL
zml? PR CRAP I LY AR P VELFFMHIQESGRLRXTPEGRYIRIGYADKNEHPYVSIGIUYMADKGYL
zmi3 PR R AP I LY AR PVELF FMHIQGSGRLEXTPECKYIRIGYADKNEHPYVS IGIIYMADKGYL
zm(5 FEAEED G RAP I LGY AR PVELFFMHIQCOSGRLXTPECKYIRIGYADKNEHPY VS IGRYMADKGYL
22491 FEIDGEAPILGYARDPVELFFHHIQGSGRLEKTPSCGRYIRIGYADKNERPYVESIGRIYHADKGYL
Em22 FPESERDCKAPILGYAEDPVELFFMHIQGSGRLEKTPSCGKYIRIGYADKNERPYVEIGIIYMADKGY L
Em2 6 FEPERDGEAPILGYARDPVELFFMEIQGSCRLETPSCGRYIRIGYADKNEHRPYVSIGIYMADKGY L
Zm28 PR DCEAPILGYAEDPVELFFMHIQUSGRLETPEGKYIRIGYADKNEHPYVESIGIIYMADKGY L
3 P ET-E - N L SR D G EAPILGYAEDPVELFFMHIQEGSGRLETPSCGRKYIRIGYADKNEHPYVEIGYMADKGY L
zmib FERNERDGCEKAPILGYAERDPVELFFMEIQGSGRLETPSCGKYIRIGYADKNEHPYVSIGIMYNADKGYL
zmis LR GEAP I LGYAEDPVELFPMHIQGEGRLETP SEGEYIRIGYADKNEHRYVEIGIAYMARKGY L

R L P R G EAP I LG Y AEDPVELFFMEIQGSGRLETPEGEYIRIGYADKNERRY VS IGKIYMALRGY Ly
£alo0%0 EL RN . COT S MO RV MRONDP QRLAEVLGENPEY I FFRELING SENGP VEGALGTPLMGE YAGA
zm33asbe 301 KLGQTSMQuIKSYMRQNPE@LAEVLGQNPSYIFFREL'GSGNEGPVGALGTFLMGEYAGA
PR P LR 1. GOT SMOG I R MRONPORLAEVLGONPSYIFFRELG SEEDaP vEALGTPLEGEYAGA
A R T B GO T S MGG I K Y RN PORLAE VLGN PSS Y IFFRELMGSEHNDGPVEALGTPLMGEYAGAN

em27bec L PR LCOTSMQGIKEYMRONPQRLABVLGONPSYIFFRELGSHNDGEVCGALGTPLMCEYAGA
=m0 9 KR RRRE . GO TSMOOIKEYMRONPORLARVLGOQNPEYIFFRELMGSEGNDERVEALSTPFLMGEYAGA
znlQ KRR L GO T SMO G I REYMRONPORLARVLGQNPSY T FFRELUMGSENDGEVEALGTPLMGEYAGA
zm24 kR 1. GO T SMOGIKEYMRONPORLAEVLGONPSY IFFRELEGSENDGEVEALGTPLMGEYAGA
®m25 kI RERK L GQTSMOGIKEYMRONPOQRLABVLGONPSYILFFRELEGSENDGPVEALCTPLMGEYAGA
zmld KB L GO T SMQGIKEYMRONPQRLARVLGONESYIPFRELMGSIONDGPVGALGTPLMGEYAGA
zmO4d LK L GO TSN T R Y MO N PQREAEVLGONPSY I FFRELWGSENDGPVEALGTPLNGEYAGA
PO RT3 R R L GO T SMOG IR YMRONPQRLAEVLOQNPSY IFFRELNOSEINDGPVGALGTPLNGEYAGA
zm08n 301 g 3 IXg ] { SLIMGSKHNDGPVEALGTPLMGEYAGA
zm9 6 EL R L G T S MG I X Y MRON PO RLAEVLGQN P S Y I FFRELIBGSEINDGPVGALGTPLMGEYAGA
zxnll kDR LG QTEMOGI XY YMRONPORLAEVLGONPSYIFFRELRGEHNDGPVGALGTPLMGEYAGA
zm02 kO E R LG OTSMQGIXEYMRONPORLAEVLAONPEYIFFRELIGSENDGPVGALCTPLMGEYAGA
zm3 KN B LCOTSMQGIKYMRONPQRLAEVLEONPSYIFFRELEGSEINDGPVGALGTPLMGEYAGA
zm07 ER: K8 NGSENDGPVEALGTPLMGEYAGA)
zmlz2 301 B : GEEINDGPVEGALGTPLMGEYAGA
zml3 KR AR [ GO TSMQG I KN YMRONPOQRLAEBVLGONPSY IFFRELEGSENDGPVGALGTPLMGEYAGA
zmld kR AR L COTSMOGLEHYMRONPORLAEVLCGONPSYIFFRELRGSEHNDGREVGALGTPLMGEYAGA
zm20 KRR L GCOTSMOCLEEYMEONPOQRLAEVLGONPSYIFFRELE CHNDGPVGALGTPLMGEYAGA
zm21 K ERR L L GO TSMOG I KHYMRONPQRLAEVLGONPSYIFFRELIGSEHNDGFVEALGTPLMGEYAGA
zmQ 6 EREER L GO T SMOG I RMYMRONPORLAEVLGONPSY IFFRELMGSHNDGPVEALGTPLMGEYAGA
zmi7 ER R [ GOTSMOB IRENYMRQNPORLAEVLGONPSY LEFRELGSHNDGPVGALGTPLMGEYAGS
zml3 FE AR L GO TSMOB LRRYMEQNPOQRLAEVLGONPSY IFFRELIGSHNDGPFVEALETPLMGEYAGA
zm03 g KLGQTSMQGIK“YMRQNPQRLAEVLGQNPSYIFFREL'GSSNDGPVGALGTP&MGEYAGB
22492 303 ] GEENDGPVGALGTPLMGEYAGA
zmi2 301 42 ] G SHNDGPVGALGTPLMGEYAGA
zmd 6 30 A 3 LINGSHNDGPVGALGTPLYMGEYAGA
zm2 8 kR GO TSMQUIKMYMRONPOQRLARVLGONPSYIFFRELIMGSHNDGPVCALGTPLUGEYAGA
P2 PR Y T A e A L GO TSMOG I XY MRONPORLAEVLGONPSYIFFRELISGSENDGPVGALGTPLUGEYAGA

amlé IR L GOTSMQGIKHYMRONPORLAEVLGONPSY IFRFRELINGSEINDGPVGALGTFLMGEYAGA
emls EL AR L GOTS MG T KGYMRONPORLAEVLGONPSYIFFRELING SEHNDEPVGALGTPLMGEYAGA)
[ XD EY-] . I R R . GO TS MG I X YMRONPQRLAEVLGQNPSYHFFRELG SWNDAPVCALGTPRLHEEYATGA
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Fal0sn 361 IDRHYITLGAPLFVRTAHPVTRKALNRLIMAQDTGSAI&GBVRVDYFWGYGDEAGELAGK

zm33asbec 361 EDRHYITLGAPLFVRTAHPVTRKALNRLIMAQDTGSAIKGAVRVDYFWGYGDEAGELAGK

zm32aghe 381 IDRHYITLGAPLFVATRHPVTRKALNRLIMAQDTGSAIRGAVRVDYFWGYGDEAGELAGK

zm23aabe 381 VDRHYITLGAPLFVETAHPVTEKALNRLIMAQDTGSAIKGBVRVDYFWGYGDEAGEiAGK
T

zm2Tbe I BV D REY ITLGAPLPVATAHPYTRKALNRLIMAQDTGSAIRGAVRVDYFWOYGDEAGEAGK
zmG 9 I PV IRHY ITLCGAPLFVATAHPVTRKALNRLIMAQDTGEAIRGAVAVDYEWGYGDEAGELAGK)
zmll I PRV R Y T TLEAPLFVATAHPVTRKALNRLIMAQDTGSATKGAVRVDYFWGYGDEAGELAGK
zma4 KPR VO REY T TLOGAPLFVATAHPVTRKALNRLINAQDTGSALIRGAVRVDYPWGYGDEACGELAGK
zml5 EF PV D REY ITLGAPLFVATAHPVTIRKALNRLIMAQDIGSAYKGAVRVDYFWRYGDEACELAGK
zmid EEPWY D RHY ITLEAPLFVATAHPVIRKALNRLIMAQDTOSAYKGAVRYVDYFRWGYGDEAGELAGK
zmQ4 Y PR DCRHY I TLGAPLFVATAHFVTRKALNRLIMAQDTGSAYRGAVRVDYFWGYGDEAGELAGK
[ SR R DRHY T TLGAPLEVATAHPVIREALNRLIMAGDYGSAYRCAVRVDY FHGYGDEAGELAGK
zml8n EL R DRHY ITLGAPLFVATAHPVTREATLNRLIMAQDTGSAIKGAVRVDYFWGYGDEAGELAGK
2m36 kL ROV D RHY ITLGAPLFVATAHRPVIRKALNRLIMAQDTCSAIKCAVRYDYFWGYGDEAGELAGK
zmil B D RHY ITLGAPLFVATAHPVIRKALNRLIMAQDTGSAIRGAVRVDYFYWGYGDEAGELAGE
em02 R D RHY ITLGAPLFVATAHPVIRKALNRLIMAQDTGSAIKGAVRVDYFWGYGDEAGELAGE
2m03 LSV DRHY ITLGAPLFVATAHNPVTRKALNRLIMAQDTGSATIRGAVRVDYFWGYGDEAGELAGK
zm07 IRV DRHY I TLGAPLFVATAHPVTRKALNRLIMARDRPGSAIKCGAVRVDYFWGYGDEAGELAQK
2ml2 kI IRV DRHY I TLGAPLFVATAHPVTRKALNRLIMAQDTGSAIKGAVRVDYFUHGYGDEAGELAGK
zmlg IR DRHY I TLGAPLFVATAHPVTRKALNRLIMAQDTOSAIKGAVRVDYFWEYGDEAGELAGK
zml$ I P ERV DRHY I TLGAPLFVATAHPVIRKALNRLIMAQDYESATKGAVRVDYFWGYGDEAGELAGK
w20 APV DRHY ITLGARPLFVATAHPVIRKALNRLIMAQDTGSAIKGAVRVDYFWGYGDPEAGELAGK
zml XMV DRHY ITLGAPLFVATAHPVIRKALNRLIMAQDTGSATKGAVRVDY FWGYGDEAGELAGK
zmiE LMV DRHY ITLGARPLFVATAHPVIRKALNRLIMAQDTGSATKGAVRVDYFWOGYGDEAGELAGK
zml7 kR DRHY ITLGAPLFVATAHPVTRKALNRLIMAQDTGSAIRGAVRVDYFHGYGDEAGELAGK
zml3 k- DRHY ITLGAPLFVATAHEVTREALNRLINAQDTGSAIKGAVREVDYFWGIGREAGELAGK
emb5 LRV DRHY ITLGAPLFVATAHPVTRKALNRLIMAQDTGSAIKGAVRVDYFWGYGREAGELAGK
z3451 RV DRHY I TLGAPLFVATAHPVTRKALNRLIMAQDTGSAIKGAVRVDYFWCYGDEAGELAGK
Zm22 PV DREY ITLGAPLEVATARPVIRKALNRLIMAQDTGSATKGAVRVDYPNCYRDEACGELAGK
Zm26 kR R DRHY ITLGAPLEVATAHPVTRKALNREIMNAQDTGSAIKGAVRVDYFWGYGDEAGELAGK
zm28 LB D REY I T LGAPLFVATARPVTRKALNRLIMAQDTGESAIRGAVRVDYFWEYGDEAGELAGK
zm2%asbe 361 VDRHYITLGRPLFVATEHPETRKALNRLIMAQDTGSAIKGAVRVDYFWGYGDEAGELAGK
Zm16 KBV D RHY T TLGARPLEVAT APV IREALNERLIMAODTGEAIKGAVRVDYFWGYGREAGELAGK
zmis ER IR DRHY TTLGAPLFVATAHPVIRKALNRLIMAQDEGEAIRKGAVRYVDYFWCYGDEAGRELAGK

AR E- N L N DEHY T TLGAPLEVATAHPVIRKALNRLIMAQDTGEATRGAVEVDYFWGYGDEAGELAGE

£al0840 LY PR O K TTGYVWQLLPNGMKPEYRPUEVLGONPSYIFFRELY
[3 K- T 1 R RO K T TG Y VHQLLPNGMKPEYRPEVLGQNPSYIFFRELY
zm32asbhe 421 QKTTGYVWQLLPNGMKPEYRP*EVLGQNPSYIFFREL

zm23ashe 421 GYVWOLLPNGMKPEYRPUEVLGONPSYIFFREL

zm27bc 421 CYVWQLLPNGMKPEYRPUEVLGONPSYIFFREL

emGy 421 QKTTGYVWQLLPNGMKPEYRP*EVLGQNPSYIFFREL

zml0 LY RO K T TR Y VWO LLPNGMK PEYRPEVEGONFSYIFFRELMGSENDGPVGALGTPLMGEYAGA
ZHm2 4 LFF RO KT TEY VWO LLPNGMKPEYRPEEVEGONPBYIFFRELMGSENDGPVGALGTPLMGEYAGA
zm25 421 QKTTGYVWQLLPNGMKFEYRP*EVLGQNPSYIFFRELTGSGNDGPVGALGTPLMGEYAGA
zml4 421 RPYUEVLEONPRYIFFRELWGERNDGPVGALETPLMGEYAGA
zmi4 SO K T T GY VWO LLPNGMEPEYRPHEVLGONPSYIFFPRELBMGSENDGPVGALGTPLMGEYAGA
zmlliasbe 421 QKTTG?VWQLLPNGELPEYRP*EVLGQNPSYIFFRELTGSSNBGPVGALGTPLHGEYAGA
zmO8n L RO K T TGCY VWG LLPNGMKPEYRPUEVLGONPEYIFFRELK

zm$§ LR K T TOY VWO LLPRGNKPEVAPHEVLGONPEY IFFRELE

zm0l L PG K T TG Y VRO L LPNGMKPEVAPYEVLGONPEY IFFRELY

zm02 LG K TTOY VWO LLPNGMEPEYRPHEVLGONPEYIFFRELE

zm03 LY RO K T TGY VWO LLPNGMEPEYRPHEVLGONPSYIFFRELY

2mQ7? LY RO K T TGY VWO LLPNCGMEPEYRPUEVLGONFSYIFFRELY

zmlid EY ARG K T TCY VWO LLPNGMKPEYRPMEVLGONPSYIFPRELE

zm3i8 LY RO K TTGYYWOLLPNOMRPEYRPUEVLEONFSYIFPRELY

zmlig LR KT TCY VWO LLPNGOMKPEYRPMEVLGQNPSYIFFRELY

zm28 LR RO K TTCYVHWQLLPNGMKPEYRPUESVLGQNPSYIFFRELY

zm2l LR K TTGY VWO LLPNGUMKPEYRPMEVLEGONPSYIFFRELE

smi6 LY RO TTEYVWOLLENGME FEYRPYEVLGUNFSYIFFRELY

2mi7 LY PR KT TGYVNOLLPNGMEPEYRPHEVLEQNPSYIFFREL

emild LMD K TTCYVWOLLPHNGHE PEYRPHEVLEONPIYIFFRELY

emos LB K TTGY VWO LLPNGHEPEYRPREVLGONPSYIFFRELY

z24581 YRR T TG Y VWO LLPNGHKPEYRPHEVLGONPSYIFFREL

zmz2 LR K TTGY VWO LLPHGHK PEYRPYEVLEQNPEYIFFREL

zmlb LY R KT TGY VWO LLPNGHMEKPEYRPUEVLGQNPSYIFFREL

zm2 8 LR KT TGY VWO LLPNGMKPEYRPUEVLGONPSYIFFRELY

[ 2R Y- SR RO K T TG Y VWO LLPNGHK PEYRPUEVLGONPSYIFFREL
Zmis LR E T TGYVWOLLPNGHEPEYRPREVLGONPSYIFFREL
Zmis YRR K TTGY VWO LLPNGHEPEYRPUEVLGONPSYIFFREL
[ XY - R RO K T TG Y VWO LLPNGN K PEYRPEVLGONPSYHFFRELE

FIG. 23D



US 9,266,929 B2

1
NEISSERIA MENINGITIDIS ANTIGENS AND
COMPOSITIONS

RELATED APPLICATIONS

This application is a Continuation of U.S. patent applica-
tion Ser. No. 13/359,442, filed Jan. 26, 2012, now pending,
which is a Continuation of U.S. patent application Ser. No.
13/070,448, filed Mar. 23, 2011, now pending, which is a
Divisional of U.S. patent application Ser. No. 12/013,047,
filed Jan. 11, 2008, now U.S. Pat. No. 7,988,979, which is
continuation of U.S. patent application Ser. No. 09/674,546,
filed Nov. 4, 2002, now U.S. Pat. No. 7,576,176, which is the
National Stage of International Application No. PCT/US99/
09346, filed Apr. 30, 1999, which claims the benefit under 35
U.S.C. §119(e) of U.S. Provisional Patent Nos. 60/121,528,
filed Feb. 25, 1999, 60/103,796, filed Oct. 9, 1998, 60/103,
794, filed Oct. 9, 1998, 60/103,749, filed Oct. 9, 1998, 60/099,
062, filed Sep. 2, 1998, 60/098,994, filed Sep. 2, 1998,
60/094,869, filed Jul. 31, 1998, and 60/083,758, filed May 1,
1998. Each of the foregoing patent applications is incorpo-
rated by reference in their entirety.

SUBMISSION OF SEQUENCE LISTING ON
ASCII TEXT FILE

The content of the following submission on ASCII text file
is incorporated herein by reference in its entirety: a computer
readable form (CRF) of the Sequence Listing (file name:
529552002003 SubSeqList.txt, date recorded: Nov. 18,2014,
size: 6,322 KB).

FIELD OF THE INVENTION

This invention relates to antigens from the bacterial spe-
cies: Neisseria meningitidis and Neisseria gonorrhoeae.

BACKGROUND

Neisseria meningitidis is a non-motile, gram negative
diplococcus human pathogen. It colonizes the pharynx, caus-
ing meningitis and, occasionally, septicaemia in the absence
of' meningitis. It is closely related to N. gororrhoea, although
one feature that clearly differentiates meningococcus from
gonococcus is the presence of a polysaccharide capsule that is
present in all pathogenic meningococci.

N. meningitidis causes both endemic and epidemic disease.
In the United States the attack rate is 0.6-1 per 100,000
persons per year, and it can be much greater during outbreaks.
(see Lieberman et al. (1996) Safety and Immunogenicity of a
Serogroups A/C Neisseria meningitidis Oligosaccharide-
Protein Conjugate Vaccine in Young Children. JAMA 275
(19):1499-1503; Schuchat et al (1997) Bacterial Meningitis
in the United States in 1995. N Engl J Med 337(14):970-976).
In developing countries, endemic disease rates are much
higher and during epidemics incidence rates can reach 500
cases per 100,000 persons per year. Mortality is extremely
high, at 10-20% in the United States, and much higher in
developing countries. Following the introduction of the con-
jugate vaccine against Haemophilus influenzae, N. meningiti-
dis is the major cause of bacterial meningitis at all ages in the
United States (Schuchat et al (1997) supra).

Based on the organism’s capsular polysaccharide, 12 sero-
groups of N. meningitidis have been identified. Group A is the
pathogen most often implicated in epidemic disease in sub-
Saharan Africa. Serogroups B and C are responsible for the
vast majority of cases in the United States and in most devel-
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2

oped countries. Serogroups W135 and Y are responsible for
the rest of the cases in the United States and developed coun-
tries. The meningococcal vaccine currently in use is a tetrava-
lent polysaccharide vaccine composed of serogroups A, C, Y
and W135. Although efficacious in adolescents and adults, it
induces a poor immune response and short duration of pro-
tection, and cannot be used in infants [eg. Morbidity and
Mortality weekly report, Vol. 46, No. RR-5 (1997)]. This is
because polysaccharides are T-cell independent antigens that
induce a weak immune response that cannot be boosted by
repeated immunization. Following the success of the vacci-
nation against H. influenzae, conjugate vaccines against sero-
groups A and C have been developed and are at the final stage
of clinical testing (Zollinger W D “New and Improved Vac-
cines Against Meningococcal Disease”. In: New Generation
Vaccines, supra, pp. 469-488; Lieberman et al (1996) supra;
Costantino et al (1992) Development and phase I clinical
testing of a conjugate vaccine against meningococcus A and
C. Vaccine 10:691-698).

Meningococcus B (menB) remains a problem, however.
This serotype currently is responsible for approximately 50%
of total meningitis in the United States, Europe, and South
America. The polysaccharide approach cannot be used
because the menB capsular polysaccharide is a polymer of
a(2-8)-linked N-acetyl neuraminic acid that is also present in
mammalian tissue. This results in tolerance to the antigen;
indeed, if an immune response were elicited, it would be
anti-self, and therefore undesirable. In order to avoid induc-
tion of autoimmunity and to induce a protective immune
response, the capsular polysaccharide has, for instance, been
chemically modified substituting the N-acetyl groups with
N-propionyl groups, leaving the specific antigenicity unal-
tered (Romero & Outschoorn (1994) Current status of Men-
ingococcal group B vaccine candidates: capsular or non-
capsular? Clin Microbiol Rev 7(4):559-575).

Alternative approaches to menB vaccines have used com-
plex mixtures of outer membrane proteins (OMPs), contain-
ing either the OMPs alone, or OMPs enriched in porins, or
deleted of the class 4 OMPs that are believed to induce anti-
bodies that block bactericidal activity. This approach pro-
duces vaccines that are not well characterized. They are able
to protect against the homologous strain, but are not effective
at large where there are many antigenic variants of the outer
membrane proteins. To overcome the antigenic variability,
multivalent vaccines containing up to nine different porins
have been constructed (eg. Poolman J T (1992) Development
of a meningococcal vaccine. Infect. Agents Dis. 4:13-28).
Additional proteins to be used in outer membrane vaccines
have been the opa and opc proteins, but none of these
approaches have been able to overcome the antigenic vari-
ability (eg. Ala’ Aldeen & Borriello (1996) The meningococ-
cal transferrin-binding proteins 1 and 2 are both surface
exposed and generate bactericidal antibodies capable of kill-
ing homologous and heterologous strains. Vaccine 14(1):49-
53).

A certain amount of sequence data is available for menin-
gococcal and gonoccocal genes and proteins (eg. EP-A-
0467714, W096/29412), but this is by no means complete.
The provision of further sequences could provide an oppor-
tunity to identify secreted or surface-exposed proteins that are
presumed targets for the immune system and which are not
antigenically variable. For instance, some of the identified
proteins could be components of efficacious vaccines against
meningococcus B, some could be components of vaccines
against all meningococcal serotypes, and others could be
components of vaccines against all pathogenic Neisseriae
including Neisseria meningitidis or Neisseria gonorrhoeae.
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Those sequences specific to N. meningitidis or N. gonor-
rhoeae that are more highly conserved are further preferred
sequences.

It is thus an object of the invention is to provide Neisserial
DNA sequences which encode proteins that are antigenic or
immunogenic.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates the products of (B) protein expression and
(A) purification, (C) FACs analysis, (D) bactericidal assay,
(E) western blot, and (F) ELISA assay of the predicted ORF
919 as cloned and expressed in E. coli.

FIG. 2 illustrates the products of (A) protein expression
and purification, (B) western blot, (C) FACs analysis, (D)
bactericidal assay, and (E) ELISA assay of the predicted ORF
279 as cloned and expressed in E. coli.

FIG. 3 illustrates the products of (A) protein expression
and purification, (B) western blot, (C) FACs analysis, (D)
bactericidal assay, and (E) ELISA assay of the predicted ORF
576-1 as cloned and expressed in E. coli.

FIG. 4 illustrates the products of (A) protein expression
and purification, (B) western blot, (C) FACs analysis, (D)
bactericidal assay, and (E) ELISA assay of the predicted ORF
519-1 as cloned and expressed in E. coli.

FIG. 5 illustrates the products of (A) protein expression
and purification, (B) western blot, (C) FACs analysis, (D)
bactericidal assay, and (E) ELISA assay of the predicted ORF
121-1 as cloned and expressed in E. coli.

FIG. 6 illustrates the products of (A) protein expression
and purification, (B) western blot, (C) FACs analysis, (D)
bactericidal assay, and (E) ELISA assay of the predicted ORF
128-1 as cloned and expressed in E. coli.

FIG. 7 illustrates the products of (A) protein expression
and purification, (B) western blot, (C) FACs analysis, (D)
bactericidal assay, and (E) ELISA assay of the predicted ORF
206 as cloned and expressed in E. coli.

FIG. 8 illustrates the products of (A) protein expression
and purification, (B) FACs analysis, (C) bactericidal assay,
and (D) ELISA assay of the predicted ORF 287 as cloned and
expressed in E. coli.

FIG. 9 illustrates the products of (A) protein expression
and purification, (B) western blot, (C) FACs analysis, (D)
bactericidal assay, and (E) ELISA assay of the predicted ORF
406 as cloned and expressed in E. coli.

FIG. 10 illustrates the hydrophilicity plot, antigenic index
and AMPHI regions of the products of protein expression the
predicted ORF 919 as cloned and expressed in E. coli.

FIG. 11 illustrates the hydrophilicity plot, antigenic index
and AMPHI regions of the products of protein expression the
predicted ORF 279 as cloned and expressed in E. coli.

FIG. 12 illustrates the hydrophilicity plot, antigenic index
and AMPHI regions of the products of protein expression the
predicted ORF 576-1 as cloned and expressed in E. coli.

FIG. 13 illustrates the hydrophilicity plot, antigenic index
and AMPHI regions of the products of protein expression the
predicted ORF 519-1 as cloned and expressed in E. coli.

FIG. 14 illustrates the hydrophilicity plot, antigenic index
and AMPHI regions of the products of protein expression the
predicted ORF 121-1 as cloned and expressed in E. coli.

FIG. 15 illustrates the hydrophilicity plot, antigenic index
and AMPHI regions of the products of protein expression the
predicted ORF 128-1 as cloned and expressed in E. coli.

FIG. 16 illustrates the hydrophilicity plot, antigenic index
and AMPHI regions of the products of protein expression the
predicted ORF 206 as cloned and expressed in E. coli.
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FIG. 17 illustrates the hydrophilicity plot, antigenic index
and AMPHI regions of the products of protein expression the
predicted ORF 287 as cloned and expressed in E. coli.

FIG. 18 illustrates the hydrophilicity plot, antigenic index
and AMPHI regions of the products of protein expression the
predicted ORF 406 as cloned and expressed in E. coli.

FIG. 19A-C shows an alignment comparison of amino acid
sequences for ORF 225 for several strains of Neisseria. Dark
shading indicates regions of homology, and gray shading
indicates the conservation of amino acids with similar char-
acteristics. The Figure demonstrates a high degree of conser-
vation among the various strains, further confirming its utility
as an antigen for both vaccines and diagnostics. The
sequences in the Figure have the following SEQ ID NOs:
FA1090 SEQ ID 3115; 72491 SEQ ID 3116; ZO01_225
SEQ ID 3117; ZO02_ 225 SEQ ID 3118; ZO03_SEQ 1D
3119; ZO04_ 225 SEQ ID 3120, ZO05_ 225 SEQ ID 3121,
7006_225SEQID3122;Z007_225SEQID3123; ZO08__
225 SEQ ID 3124, ZOO9 _ 225 SEQ ID 3125; ZOlO 225
SEQID3126;Z011_225SEQID 3127, 20127225 SEQID
3128, 20137225 SEQID 3129; ZOl47225 SEQ ID 3130;
7015_225 <SEQ ID 3131; ZO16_225 SEQ ID 3132;
7017 _225SEQID3133; ZOlS _ 225SEQID3134; 7019 __
225 SEQ ID 3135, ZOZO _ 225 SEQ ID 3136; ZO21_225
SEQID 3137, 20227225 SEQID3138;7023_225SEQID
3139; Z024_ 225 SEQ ID 3140, ZO25_ 225 SEQ ID 3141,
7026_225SEQID3142;7027_225SEQID3143; 7028 __
225 SEQ ID 3144, ZO29 225 SEQ ID 3145; ZO32 225
SEQ ID 3146; ZO33_225 SEQ ID 3147, and 7096_225
SEQID 3148.

FIG. 20A-B shows an alignment comparison of amino acid
sequences for ORF 235 for several strains of Neisseria. Dark
shading indicates regions of homology, and gray shading
indicates the conservation of amino acids with similar char-
acteristics. The Figure demonstrates a high degree of conser-
vation among the various strains, further confirming its utility
as an antigen for both vaccines and diagnostics. The
sequences in the Figure have the following SEQ ID NOs:
FA1090 SEQ ID 3149; GNMZQO1 SEQ ID 3150
GNMZQ02 SEQ ID 3151; GNMZQ03 SEQ ID 31521,
GNMZQ04 SEQ ID 3153; GNMZQO05 SEQ 3154,
GNMZQO07 SEQ ID 3155; GNMZQO08 SEQ 3156;
GNMZQ09 SEQ ID 3157, GNMZQ10 SEQ 3158,
GNMZQ11 SEQ ID 3159; GNMZQI13 SEQ 3160,
GNMZQ14 SEQ ID 3161; GNMZQI15 SEQ 3162,
GNMZQ16 SEQ ID 3163; GNMZQ17 SEQ 3164,
GNMZQ18 SEQ ID 3165; GNMZQ19 SEQ 3166;
GNMZQ21 SEQ ID 3166; GNMZQ22 SEQ 3167,
GNMZQ23 SEQ ID 3168, GNMZQ24 SEQ 3169;
GNMZQ25 SEQ ID 3170, GNMZQ26 SEQ 3171,
GNMZQ27 SEQ ID 3172; GNMZQ28 SEQ 3173,
GNMZQ29 SEQ ID 3174; GNMZQ31 SEQ ID 3175;
GNMZQ32 SEQ ID 3176; GNMZQ33 SEQ ID 3177; and
72491 SEQ ID 3178.

FIG. 21 A-B shows an alignment comparison of amino acid
sequences for ORF 287 for several strains of Neisseria. Dark
shading indicates regions of homology, and gray shading
indicates the conservation of amino acids with similar char-
acteristics. The Figure demonstrates a high degree of conser-
vation among the various strains, further confirming its utility
as an antigen for both vaccines and diagnostics. The
sequences in the Figure have the following SEQ ID NOs:
287 14 SEQID 3179;287 2 SEQID 3180;287 21.SEQ
1D 3181; 287_9 SEQ ID 3182; FA1090 SEQ ID 3183; and
72491 SEQ ID 3184.

FIG. 22 A-B shows an alignment comparison of amino acid
sequences for ORF 519 for several strains of Neisseria. Dark
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shading indicates regions of homology, and gray shading
indicates the conservation of amino acids with similar char-
acteristics. The Figure demonstrates a high degree of conser-
vation among the various strains, further confirming its utility
as an antigen for both vaccines and diagnostics. The
sequences in the Figure have the following SEQ ID NOs:
FA1090_519 SEQ ID 3185; 72491 519 SEQ ID 3186;
ZVO1_519 SEQ ID 3187; ZVO2_519 SEQ ID 3188S;
ZV0O3_519 SEQ ID 3189; ZV04_519 SEQ ID 3190;
ZV05_519 SEQ ID 3191; ZV06__519ASS SEQ ID 3192;
ZV07_519SEQID3193;7ZV11_519SEQID3194;ZV12__
519 SEQ ID 3195; ZV18 519 SEQ ID 3196; ZV19_ 519
SEQ ID 3197, ZV20_519ASS SEQ 1D 3198; 7ZV21__
519ASS SEQ ID 3199; ZV22 519ASS SEQ ID 3200;
ZV26_519SEQID3201;,ZV27_519SEQID3202;ZV28__
519 SEQ ID 3203; ZV29_ S19ASS SEQ ID 3204; 7ZV32__
519 SEQ ID 3205; and ZV96__519 SEQ ID 3206.
FIG.23A-D shows an alignment comparison of amino acid
sequences for ORF 919 for several strains of Neisseria. Dark
shading indicates regions of homology, and gray shading
indicates the conservation of amino acids with similar char-
acteristics. The Figure demonstrates a high degree of conser-
vation among the various strains, further confirming its utility
as an antigen for both vaccines and diagnostics. The
sequences in the Figure have the following SEQ ID NOs:
FA1090 SEQ ID 3207; 72491 <SEQ ID 3208; ZMO01 SEQ ID
3209; ZM02 SEQ ID 3210; ZM03 SEQID 3211; ZM04 SEQ
1D 3212; ZMO5 SEQ ID 3213; ZMO06 SEQ 1D 3214; ZM07
SEQ ID 3215; ZMO8N SEQ ID 3216; ZM09 SEQ 1D 3217,
ZM10SEQID3218; ZM11ASBC SEQ 1D 3219; ZM12 SEQ
1D 3220; ZM13 SEQ ID 3221; ZM14 SEQ 1D 3222; ZM15
SEQ ID 3223; ZM16 SEQ ID 3224; ZM17 SEQ ID 3225;
ZM18 SEQ ID 3226; ZM19 SEQ ID 3227; ZM20 SEQ ID
3228; ZM21 SEQ ID 3229, ZM22 SEQ ID 3230,
ZM23ASBC SEQID3231; ZM24 SEQ ID 3232; ZM25 SEQ
1D 3233; ZM26 SEQ ID 3234; ZM27BC SEQ ID 3235;
7ZM28 SEQ 1D 3236; ZM29ASBC SEQ ID 3237,
ZM31ASBC SEQ ID 3238; ZM32ASBC SEQ ID 3239;
ZM33ASBC SEQ ID 3240, ZM96 SEQ ID 3241.

THE INVENTION

The invention provides proteins comprising the N. menin-
gitidis amino acid sequences and N. gororrhoeae amino acid
sequences disclosed in the examples.

It also provides proteins comprising sequences homolo-
gous (i.e., those having sequence identity) to the N. menin-
gitidis amino acid sequences disclosed in the examples.
Depending on the particular sequence, the degree of homol-
ogy (sequence identity) is preferably greater than 50% (eg.
60%, 70%, 80%, 90%, 95%, 99% or more). These proteins
include mutants and allelic variants of the sequences dis-
closed in the examples. Typically, 50% identity or more
between two proteins is considered to be an indication of
functional equivalence. Identity between proteins is prefer-
ably determined by the Smith-Waterman homology search
algorithm as implemented in MPSRCH program (Oxford
Molecular) using an affine gap search with parameters:gap
penalty 12, gap extension penalty 1.

The invention further provides proteins comprising frag-
ments of the N. meningitidis amino acid sequences and N.
gonorrhoeae amino acid sequences disclosed in the
examples. The fragments should comprise at least n consecu-
tive amino acids from the sequences and, depending on the
particular sequence, n is 7 or more (eg. 8, 10, 12, 14, 16, 18,
20 or more). Preferably the fragments comprise an epitope
from the sequence.
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The proteins of the invention can, of course, be prepared by
various means (eg. recombinant expression, purification from
cell culture, chemical synthesis etc.) and in various forms (eg.
native, fusions etc.). They are preferably prepared in substan-
tially pure or isolated form (ie. substantially free from other
N. meningitidis or N. gonorrhoeae host cell proteins)

According to a further aspect, the invention provides anti-
bodies which bind to these proteins. These may be polyclonal
or monoclonal and may be produced by any suitable means.

According to a further aspect, the invention provides
nucleic acid comprising the N. meningitidis nucleotide
sequences and N. gonorrhoeae nucleotide sequences dis-
closed in the examples.

According to a further aspect, the invention comprises
nucleic acids having sequence identity of greater than 50%
(e.g., 60%, 70%, 80%, 90%, 95%, 99% or more) to the
nucleic acid sequences herein. Sequence identity is deter-
mined as above-discussed.

According to a further aspect, the invention comprises
nucleic acid that hybridizes to the sequences provided herein.
Conditions for hybridization are set forth herein.

Nucleic acid comprising fragments of these sequences are
also provided. These should comprise at least n consecutive
nucleotides from the N. meningitidis sequences or N. gonor-
rhoeae sequences and depending on the particular sequence,
nis 10 or more (eg 12, 14, 15, 18, 20, 25, 30, 35, 40 or more).

According to a further aspect, the invention provides
nucleic acid encoding the proteins and protein fragments of
the invention.

It should also be appreciated that the invention provides
nucleic acid comprising sequences complementary to those
described above (eg. for antisense or probing purposes).

Nucleic acid according to the invention can, of course, be
prepared in many ways (eg. by chemical synthesis, in part or
in whole, from genomic or cDNA libraries, from the organ-
ismitselfetc.) and can take various forms (eg. single stranded,
double stranded, vectors, probes etc.).

In addition, the term “‘nucleic acid” includes DNA and
RNA, and also their analogues, such as those containing
modified backbones, and also protein nucleic acids (PNA)
etc.

According to a further aspect, the invention provides vec-
tors comprising nucleotide sequences of the invention (eg.
expression vectors) and host cells transformed with such vec-
tors.

According to a further aspect, the invention provides com-
positions comprising protein, antibody, and/or nucleic acid
according to the invention. These compositions may be suit-
able as vaccines, for instance, or as diagnostic reagents or as
immunogenic compositions.

The invention also provides nucleic acid, protein, or anti-
body according to the invention for use as medicaments (eg.
as vaccines) or as diagnostic reagents. It also provides the use
of nucleic acid, protein, or antibody according to the inven-
tion in the manufacture of (I) a medicament for treating or
preventing infection due to Neisserial bacteria (ii) a diagnos-
tic reagent for detecting the presence of Neis serial bacteria or
of antibodies raised against Neis serial bacteria or (iii) for
raising antibodies. Said Neisserial bacteria may be any spe-
cies or strain (such as N. gonorrhoeae) but are preferably N.
meningitidis, especially strain B or strain C.

The invention also provides a method of treating a patient,
comprising administering to the patient a therapeutically
effective amount of nucleic acid, protein, and/or antibody
according to the invention.
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According to further aspects, the invention provides vari-
OUS processes.

A process for producing proteins of the invention is pro-
vided, comprising the step of culturing a host cell according
to the invention under conditions which induce protein
expression.

A process for detecting polynucleotides of the invention is
provided, comprising the steps of: (a) contacting a nucleic
probe according to the invention with a biological sample
under hybridizing conditions to form duplexes; and (b)
detecting said duplexes.

A process for detecting proteins of the invention is pro-
vided, comprising the steps of: (a) contacting an antibody
according to the invention with a biological sample under
conditions suitable for the formation of an antibody-antigen
complexes; and (b) detecting said complexes.

A summary of standard techniques and procedures which
may be employed in order to perform the invention (eg. to
utilize the disclosed sequences for vaccination or diagnostic
purposes) is attached as an Appendix to the application. This
summary is not a limitation on the invention but, rather, gives
examples that may be used, but are not required.

Having now generally described the invention, the same
will be more readily understood through reference to the
following examples which are provided by way of illustra-
tion, and are not intended to be limiting of the present inven-
tion, unless specified.

Methodology—Summary of Standard Procedures and
Techniques.

General

This invention provides Neisseria meningitidis menB
nucleotide sequences, amino acid sequences encoded therein.
With these disclosed sequences, nucleic acid probe assays
and expression cassettes and vectors can be produced. The
expression vectors can be transformed into host cells to pro-
duce proteins. The purified or isolated polypeptides (which
may also be chemically synthesized) can be used to produce
antibodies to detect menB proteins. Also, the host cells or
extracts can be utilized for biological assays to isolate ago-
nists or antagonists. In addition, with these sequences one can
search to identify open reading frames and identify amino
acid sequences. The proteins may also be used in immuno-
genic compositions, antigenic compositions and as vaccine
components.

The practice of the present invention will employ, unless
otherwise indicated, conventional techniques of molecular
biology, microbiology, recombinant DNA, and immunology,
which are within the skill of the art. Such techniques are
explained fully in the literature e.g., Sambrook Molecular
Cloning; A Laboratory Manual, Second Edition (1989); DNA
Cloning, Volumes I and ii (D. N Glover ed. 1985); Oligo-
nucleotide Synthesis (M. J. Gait ed, 1984); Nucleic Acid
Hybridization (B. D. Hames & S. J. Higgins eds. 1984);
Transcription and Translation (B. D. Hames & S. J. Higgins
eds. 1984); Animal Cell Culture (R. 1. Freshney ed. 1986);
Immobilized Cells and Enzymes (IRL Press, 1986); B. Perbal,
A Practical Guide to Molecular Cloning (1984); the Methods
in Enzymology series (Academic Press, Inc.), especially vol-
umes 154 & 155; Gene Transfer Vectors for Mammalian Cells
(J. H. Miller and M. P. Calos eds. 1987, Cold Spring Harbor
Laboratory); Mayer and Walker, eds. (1987), Immunochemi-
cal Methods in Cell and Molecular Biology (Academic Press,
London); Scopes, (1987) Protein Purification: Principles
and Practice, Second Edition (Springer-Verlag, N.Y.), and
Handbook of Experimental Immunology, Volumes I-IV (D.
M. Weir and C. C. Blackwell eds 1986).
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Standard abbreviations for nucleotides and amino acids are
used in this specification.

All publications, patents, and patent applications cited
herein are incorporated in full by reference.

Expression Systems

The Neisseria menB nucleotide sequences can be
expressed in a variety of different expression systems; for
example those used with mammalian cells, plant cells, bacu-
loviruses, bacteria, and yeast.

i. Mammalian Systems

Mammalian expression systems are known in the art. A
mammalian promoter is any DNA sequence capable of bind-
ing mammalian RNA polymerase and initiating the down-
stream (3') transcription of a coding sequence (e.g., structural
gene) into mRNA. A promoter will have a transcription ini-
tiating region, which is usually placed proximal to the 5' end
of the coding sequence, and a TATA box, usually located
25-30 base pairs (bp) upstream of the transcription initiation
site. The TATA box is thought to direct RNA polymerase II to
begin RNA synthesis at the correct site. A mammalian pro-
moter will also contain an upstream promoter element, usu-
ally located within 100 to 200 bp upstream of the TATA box.
An upstream promoter element determines the rate at which
transcription is initiated and can act in either orientation
(Sambrook et al. (1989) “Expression of Cloned Genes in
Mammalian Cells.”” In Molecular Cloning: A Laboratory
Manual, 2nd ed.).

Mammalian viral genes are often highly expressed and
have a broad host range; therefore sequences encoding mam-
malian viral genes provide particularly useful promoter
sequences. Examples include the SV40 early promoter,
mouse mammary tumor virus TR promoter, adenovirus
major late promoter (Ad MLP), and herpes simplex virus
promoter. In addition, sequences derived from non-viral
genes, such as the murine metallothionein gene, also provide
useful promoter sequences. Expression may be either consti-
tutive or regulated (inducible). Depending on the promoter
selected, many promotes may be inducible using known sub-
strates, such as the use of the mouse mammary tumor virus
(MMTV) promoter with the glucocorticoid responsive ele-
ment (GRE) that is induced by glucocorticoid in hormone-
responsive transformed cells (see for example, U.S. Pat. No.
5,783,681).

The presence of an enhancer element (enhancer), com-
bined with the promoter elements described above, will usu-
ally increase expression levels. An enhancer is a regulatory
DNA sequence that can stimulate transcription up to 1000-
fold when linked to homologous or heterologous promoters,
with synthesis beginning at the normal RNA start site.
Enhancers are also active when they are placed upstream or
downstream from the transcription initiation site, in either
normal or flipped orientation, or at a distance of more than
1000 nucleotides from the promoter (Maniatis et al. (1987)
Science 236:1237; Alberts et al. (1989) Molecular Biology of
the Cell, 2nd ed.). Enhancer elements derived from viruses
may be particularly useful, because they usually have a
broader host range. Examples include the SV40 early gene
enhancer (Dijkema et al (1985) EMBO J. 4:761) and the
enhancer/promoters derived from the long terminal repeat
(LTR) of the Rous Sarcoma Virus (Gorman et al. (1982b)
Proc. Natl. Acad. Sci. 79:6777) and from human cytomega-
lovirus (Boshart et al. (1985) Cell 41:521). Additionally,
some enhancers are regulatable and become active only in the
presence of an inducer, such as a hormone or metal ion (Sas-
sone-Corsi and Borelli (1986) Trends Genet. 2:215; Maniatis
et al. (1987) Science 236:1237).
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A DNA molecule may be expressed intracellularly in
mammalian cells. A promoter sequence may be directly
linked with the DNA molecule, in which case the first amino
acid at the N-terminus of the recombinant protein will always
be a methionine, which is encoded by the ATG start codon. If
desired, the N-terminus may be cleaved from the protein by in
vitro incubation with cyanogen bromide.

Alternatively, foreign proteins can also be secreted from
the cell into the growth media by creating chimeric DNA
molecules that encode a fusion protein comprised of a leader
sequence fragment that provides for secretion of the foreign
protein in mammalian cells. Preferably, there are processing
sites encoded between the leader fragment and the foreign
gene that can be cleaved either in vivo or in vitro. The leader
sequence fragment usually encodes a signal peptide com-
prised of hydrophobic amino acids which direct the secretion
of'the protein from the cell. The adenovirus tripartite leader is
an example of a leader sequence that provides for secretion of
a foreign protein in mammalian cells.

Usually, transcription termination and polyadenylation
sequences recognized by mammalian cells are regulatory
regions located 3' to the translation stop codon and thus,
together with the promoter elements, flank the coding
sequence. The 3' terminus of the mature mRNA is formed by
site-specific post-transcriptional cleavage and polyadenyla-
tion (Birnstiel et al. (1985) Cell 41:349; Proudfoot and White-
law (1988) “Termination and 3' end processing of eukaryotic
RNA. In Transcription and splicing (ed. B. D. Hames and D.
M. Glover); Proudfoot (1989) Trends Biochem. Sci. 14:105).
These sequences direct the transcription of an mRNA which
can be translated into the polypeptide encoded by the DNA.
Examples of transcription terminator/polyadenylation sig-
nals include those derived from SV40 (Sambrook et al (1989)
“Expression of cloned genes in cultured mammalian cells.” In
Molecular Cloning: A Laboratory Manual).

Usually, the above described components, comprising a
promoter, polyadenylation signal, and transcription termina-
tion sequence are put together into expression constructs.
Enhancers, introns with functional splice donor and acceptor
sites, and leader sequences may also be included in an expres-
sion construct, if desired. Expression constructs are often
maintained in a replicon, such as an extrachromosomal ele-
ment (e.g., plasmids) capable of stable maintenance in a host,
such as mammalian cells or bacteria. Mammalian replication
systems include those derived from animal viruses, which
require trans-acting factors to replicate. For example, plas-
mids containing the replication systems of papovaviruses,
such as SV40 (Gluzman (1981) Cell 23:175) or polyomavi-
rus, replicate to extremely high copy number in the presence
of the appropriate viral T antigen. Additional examples of
mammalian replicons include those derived from bovine pap-
illomavirus and Epstein-Barr virus. Additionally, the replicon
may have two replication systems, thus allowing it to be
maintained, for example, in mammalian cells for expression
and in a prokaryotic host for cloning and amplification.
Examples of such mammalian-bacteria shuttle vectors
include pMT2 (Kaufman et al. (1989) Mol. Cell. Biol. 9:946)
and pHEBO (Shimizu et al. (1986) Mol. Cell. Biol. 6:1074).

The transformation procedure used depends upon the host
to be transformed. Methods for introduction of heterologous
polynucleotides into mammalian cells are known in the art
and include dextran-mediated transfection, calcium phos-
phate precipitation, polybrene mediated transfection, proto-
plast fusion, electroporation, encapsulation of the polynucle-
otide(s) in liposomes, and direct microinjection of the DNA
into nuclei.
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Mammalian cell lines available as hosts for expression are
known in the art and include many immortalized cell lines
available from the American Type Culture Collection
(ATCC), including but not limited to, Chinese hamster ovary
(CHO) cells, HeLa cells, baby hamster kidney (BHK) cells,
monkey kidney cells (COS), human hepatocellular carci-
noma cells (e.g., Hep G2), and a number of other cell lines.

ii. Plant Cellular Expression Systems

There are many plant cell culture and whole plant genetic
expression systems known in the art. Exemplary plant cellular
genetic expression systems include those described in pat-
ents, such as: U.S. Pat. No. 5,693,506; U.S. Pat. No. 5,659,
122; and U.S. Pat. No. 5,608,143. Additional examples of
genetic expression in plant cell culture has been described by
Zenk, Phytochemistry 30:3861-3863 (1991). Descriptions of
plant protein signal peptides may be found in addition to the
references described above in Vaulcombe et al., Mol. Gen.
Genet. 209:33-40 (1987); Chandler et al., Plant Molecular
Biology 3:407-418 (1984); Rogers, J. Biol. Chem. 260:3731-
3738 (1985); Rothstein et al., Gene 55:353-356 (1987); Whit-
tier et al., Nucleic Acids Research 15:2515-2535 (1987);
Wirsel et al., Molecular Microbiology 3:3-14 (1989); Yuetal.,
Gene 122:247-253 (1992). A description of the regulation of
plant gene expression by the phytohormone, gibberellic acid
and secreted enzymes induced by gibberellic acid can be
found in R. L. Jones and J. MacMillin, Gibberellins: in:
Advanced Plant Physiology, Malcolm B. Wilkins, ed., 1984
Pitman Publishing Limited, London, pp. 21-52. References
that describe other metabolically-regulated genes: Sheen,
Plant Cell, 2:1027-1038 (1990); Maas et al., EMBO J.
9:3447-3452 (1990); Benkel and Hickey, Proc. Natl. Acad.
Sci. 84:1337-1339 (1987)

Typically, using techniques known in the art, a desired
polynucleotide sequence is inserted into an expression cas-
sette comprising genetic regulatory elements designed for
operation in plants. The expression cassette is inserted into a
desired expression vector with companion sequences
upstream and downstream from the expression cassette suit-
able for expression in a plant host. The companion sequences
will be of plasmid or viral origin and provide necessary char-
acteristics to the vector to permit the vectors to move DNA
from an original cloning host, such as bacteria, to the desired
plant host. The basic bacterial/plant vector construct will
preferably provide a broad host range prokaryote replication
origin; a prokaryote selectable marker; and, for Agrobacte-
rium transformations, T DNA sequences for Agrobacterium-
mediated transfer to plant chromosomes. Where the heterolo-
gous gene is not readily amenable to detection, the construct
will preferably also have a selectable marker gene suitable for
determining if a plant cell has been transformed. A general
review of suitable markers, for example for the members of
the grass family, is found in Wilmink and Dons, 1993, Plant
Mol. Biol. Reptr, 11(2):165-185.

Sequences suitable for permitting integration of the heter-
ologous sequence into the plant genome are also recom-
mended. These might include transposon sequences and the
like for homologous recombination as well as Ti sequences
which permit random insertion of a heterologous expression
cassette into a plant genome. Suitable prokaryote selectable
markers include resistance toward antibiotics such as ampi-
cillin or tetracycline. Other DNA sequences encoding addi-
tional functions may also be present in the vector, as is known
in the art.

The nucleic acid molecules of the subject invention may be
included into an expression cassette for expression of the
protein(s) of interest. Usually, there will be only one expres-
sion cassette, although two or more are feasible. The recom-
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binant expression cassette will contain in addition to the
heterologous protein encoding sequence the following ele-
ments, a promoter region, plant 5' untranslated sequences,
initiation codon depending upon whether or not the structural
gene comes equipped with one, and a transcription and trans-
lation termination sequence. Unique restriction enzyme sites
atthe 5' and 3' ends of the cassette allow for easy insertion into
a pre-existing vector.

A heterologous coding sequence may be for any protein
relating to the present invention. The sequence encoding the
protein of interest will encode a signal peptide which allows
processing and translocation of the protein, as appropriate,
and will usually lack any sequence which might result in the
binding ofthe desired protein of the invention to a membrane.
Since, for the most part, the transcriptional initiation region
will be for a gene which is expressed and translocated during
germination, by employing the signal peptide which provides
for translocation, one may also provide for translocation of
the protein of interest. In this way, the protein(s) of interest
will be translocated from the cells in which they are expressed
and may be efficiently harvested. Typically secretion in seeds
are across the aleurone or scutellar epithelium layer into the
endosperm of the seed. While it is not required that the protein
be secreted from the cells in which the protein is produced,
this facilitates the isolation and purification of the recombi-
nant protein.

Since the ultimate expression of the desired gene product
will be in a eucaryotic cell it is desirable to determine whether
any portion of the cloned gene contains sequences which will
be processed out as introns by the host’s splicosome machin-
ery. If so, site-directed mutagenesis of the “intron” region
may be conducted to prevent losing a portion of the genetic
message as a false intron code, Reed and Maniatis, Cell
41:95-105, 1985.

The vector can be microinjected directly into plant cells by
use of micropipettes to mechanically transfer the recombi-
nant DNA. Crossway, Mol. Gen. Genet, 202:179-185, 1985.
The genetic material may also be transferred into the plant
cell by using polyethylene glycol, Krens, et al., Nature, 296,
72-74, 1982. Another method of introduction of nucleic acid
segments is high velocity ballistic penetration by small par-
ticles with the nucleic acid either within the matrix of small
beads or particles, or on the surface, Klein, et al., Nature, 327,
70-73, 1987 and Knudsen and Muller, 1991, Planta, 185:330-
336 teaching particle bombardment of barley endosperm to
create transgenic barley. Yet another method of introduction
would be fusion of protoplasts with other entities, either mini-
cells, cells, lysosomes or other fusible lipid-surfaced bodies,
Fraley, et al., Proc. Natl. Acad. Sci. US4, 79, 1859-1863,
1982.

The vector may also be introduced into the plant cells by
electroporation. (Fromm et al., Proc. Natl. Acad. Sci. USA
82:5824, 1985). In this technique, plant protoplasts are elec-
troporated in the presence of plasmids containing the gene
construct. Electrical impulses ot high field strength reversibly
permeabilize biomembranes allowing the introduction of the
plasmids. Electroporated plant protoplasts reform the cell
wall, divide, and form plant callus.

All plants from which protoplasts can be isolated and cul-
tured to give whole regenerated plants can be transformed by
the present invention so that whole plants are recovered which
contain the transferred gene. It is known that practically all
plants can be regenerated from cultured cells or tissues,
including but not limited to all major species of sugarcane,
sugar beet, cotton, fruit and other trees, legumes and veg-
etables. Some suitable plants include, for example, species
from the genera Fragaria, Lotus, Medicago, Onobrychis, Tri-
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folium, Trigonella, Vigna, Citrus, Linum, Geranium, Mani-
hot, Daucus, Arabidopsis, Brassica, Raphanus, Sinapis,
Atropa, Capsicum, Datura, Hyoscyamus, Lycopersion, Nic-
otiana, Solanum, Petunia, Digitalis, Majorana, Cichorium,
Helianthus, Lactuca, Bromus, Asparagus, Antirrhinum, Her-
erocallis, Nemesia, Pelargonium, Panicum, Pennisetum,
Ranunculus, Senecio, Salpiglossis, Cucumis, Browaalia,
Glycine, Lolium, Zea, Triticum, Sorghum, and Datura.

Means for regeneration vary from species to species of
plants, but generally a suspension of transformed protoplasts
containing copies of the heterologous gene is first provided.
Callus tissue is formed and shoots may be induced from callus
and subsequently rooted. Alternatively, embryo formation
can be induced from the protoplast suspension. These
embryos germinate as natural embryos to form plants. The
culture media will generally contain various amino acids and
hormones, such as auxin and cytokinins. It is also advanta-
geous to add glutamic acid and proline to the medium, espe-
cially for such species as corn and alfalfa. Shoots and roots
normally develop simultaneously. Efficient regeneration will
depend on the medium, on the genotype, and on the history of
the culture. If these three variables are controlled, then regen-
eration is fully reproducible and repeatable.

In some plant cell culture systems, the desired protein of
the invention may be excreted or alternatively, the protein
may be extracted from the whole plant. Where the desired
protein of the invention is secreted into the medium, it may be
collected. Alternatively, the embryos and embryoless-half
seeds or other plant tissue may be mechanically disrupted to
release any secreted protein between cells and tissues. The
mixture may be suspended in a buffer solution to retrieve
soluble proteins. Conventional protein isolation and purifica-
tion methods will be then used to purify the recombinant
protein. Parameters of time, temperature pH, oxygen, and
volumes will be adjusted through routine methods to opti-
mize expression and recovery of heterologous protein.

iii. Baculovirus Systems

The polynucleotide encoding the protein can also be
inserted into a suitable insect expression vector, and is oper-
ably linked to the control elements within that vector. Vector
construction employs techniques which are known in the art.
Generally, the components of the expression system include a
transfer vector, usually a bacterial plasmid, which contains
both a fragment of the baculovirus genome, and a convenient
restriction site for insertion of the heterologous gene or genes
to be expressed; a wild type baculovirus with a sequence
homologous to the baculovirus-specific fragment in the trans-
fer vector (this allows for the homologous recombination of
the heterologous gene in to the baculovirus genome); and
appropriate insect host cells and growth media.

After inserting the DNA sequence encoding the protein
into the transfer vector, the vector and the wild type viral
genome are transfected into an insect host cell where the
vector and viral genome are allowed to recombine. The pack-
aged recombinant virus is expressed and recombinant
plaques are identified and purified. Materials and methods for
baculovirus/insect cell expression systems are commercially
available in kit form from, inter alia, Invitrogen, San Diego
Calif. (“MAXBAC™” kit). These techniques are generally
known to those skilled in the art and fully described in Sum-
mers and Smith, Texas Agricultural Experiment Station Bul-
letin No. 1555 (1987) (hereinafter “Summers and Smith”).

Prior to inserting the DNA sequence encoding the protein
into the baculovirus genome, the above described compo-
nents, comprising a promoter, leader (if desired), coding
sequence of interest, and transcription termination sequence,
are usually assembled into an intermediate transplacement
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construct (transfer vector). This construct may contain a
single gene and operably linked regulatory elements; mul-
tiple genes, each with its owned set of operably linked regu-
latory elements; or multiple genes, regulated by the same set
of regulatory elements. Intermediate transplacement con-
structs are often maintained in a replicon, such as an extrach-
romosomal element (e.g., plasmids) capable of stable main-
tenance in a host, such as a bacterium. The replicon will have
a replication system, thus allowing it to be maintained in a
suitable host for cloning and amplification.

Currently, the most commonly used transfer vector for
introducing foreign genes into AcNPV is pAc373. Many
other vectors, known to those of skill in the art, have also been
designed. These include, for example, pVL.985 (which alters
the polyhedrin start codon from ATG to ATT, and which
introduces a BamHI cloning site 32 basepairs downstream
from the ATT; see Luckow and Summers, Virology (1989)
17:31.

The plasmid usually also contains the polyhedrin polyade-
nylation signal (Miller et al. (1988) Ann. Rev. Microbiol.,
42:177) and a prokaryotic ampicillin-resistance (amp) gene
and origin of replication for selection and propagation in E.
coli.

Baculovirus transfer vectors usually contain a baculovirus
promoter. A baculovirus promoter is any DNA sequence
capable of binding a baculovirus RNA polymerase and initi-
ating the downstream (5' to 3') transcription of a coding
sequence (e.g., structural gene) into mRNA. A promoter will
have a transcription initiation region which is usually placed
proximal to the 5' end of the coding sequence. This transcrip-
tion initiation region usually includes an RNA polymerase
binding site and a transcription initiation site. A baculovirus
transfer vector may also have a second domain called an
enhancer, which, if present, is usually distal to the structural
gene. Expression may be either regulated or constitutive.

Structural genes, abundantly transcribed at late times in a
viral infection cycle, provide particularly useful promoter
sequences. Examples include sequences derived from the
gene encoding the viral polyhedron protein, Friesen et al.,
(1986) “The Regulation of Baculovirus Gene Expression,” in:
The Molecular Biology of Baculoviruses (ed. Walter Doer-
fler); EPO Publ. Nos. 127 839 and 155 476; and the gene
encoding the pl0 protein, Vlak et al., (1988), J. Gen. Virol.
69:765.

DNA encoding suitable signal sequences can be derived
from genes for secreted insect or baculovirus proteins, such as
the baculovirus polyhedrin gene (Carbonell et al. (1988)
Gene, 73:409). Alternatively, since the signals for mamma-
lian cell posttranslational modifications (such as signal pep-
tide cleavage, proteolytic cleavage, and phosphorylation)
appear to be recognized by insect cells, and the signals
required for secretion and nuclear accumulation also appear
to be conserved between the invertebrate cells and vertebrate
cells, leaders of non-insect origin, such as those derived from
genes encoding human (alpha) o-interferon, Maeda et al.,
(1985), Nature 315:592; human gastrin-releasing peptide,
Lebacg-Verheyden et al., (1988), Molec. Cell. Biol. 8:3129;
human IL-2, Smith et al., (1985) Proc. Nat’l Acad. Sci. USA,
82:8404; mouse IL.-3, (Miyajima et al., (1987) Gene 58:273;
and human glucocerebrosidase, Martin et al. (1988) DNA4,
7:99, can also be used to provide for secretion in insects.

A recombinant polypeptide or polyprotein may be
expressed intracellularly or, if it is expressed with the proper
regulatory sequences, it can be secreted. Good intracellular
expression of nonfused foreign proteins usually requires het-
erologous genes that ideally have a short leader sequence
containing suitable translation initiation signals preceding an
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ATG start signal. If desired, methionine at the N-terminus
may be cleaved from the mature protein by in vitro incubation
with cyanogen bromide.

Alternatively, recombinant polyproteins or proteins which
are not naturally secreted can be secreted from the insect cell
by creating chimeric DNA molecules that encode a fusion
protein comprised of a leader sequence fragment that pro-
vides for secretion of the foreign protein in insects. The leader
sequence fragment usually encodes a signal peptide com-
prised of hydrophobic amino acids which direct the translo-
cation of the protein into the endoplasmic reticulum.

After insertion of the DNA sequence and/or the gene
encoding the expression product precursor of the protein, an
insect cell host is co-transformed with the heterologous DNA
of the transfer vector and the genomic DNA of wild type
baculovirus—usually by co-transfection. The promoter and
transcription termination sequence of the construct will usu-
ally comprise a 2-5 kb section of the baculovirus genome.
Methods for introducing heterologous DNA into the desired
site in the baculovirus virus are known in the art. (See Sum-
mers and Smith supra; Ju et al. (1987); Smith etal., Mol. Cell.
Biol. (1983) 3:2156; and Luckow and Summers (1989)). For
example, the insertion can be into a gene such as the polyhe-
drin gene, by homologous double crossover recombination;
insertion can also be into a restriction enzyme site engineered
into the desired baculovirus gene. Miller et al., (1989), Bioes-
says 4:91. The DNA sequence, when cloned in place of the
polyhedrin gene in the expression vector, is flanked both §'
and 3' by polyhedrin-specific sequences and is positioned
downstream of the polyhedrin promoter.

The newly formed baculovirus expression vector is subse-
quently packaged into an infectious recombinant baculovi-
rus. Homologous recombination occurs at low frequency (be-
tween about 1% and about 5%); thus, the majority of the virus
produced after cotransfection is still wild-type virus. There-
fore, a method is necessary to identify recombinant viruses.
An advantage of the expression system is a visual screen
allowing recombinant viruses to be distinguished. The poly-
hedrin protein, which is produced by the native virus, is
produced at very high levels in the nuclei of infected cells at
late times after viral infection. Accumulated polyhedrin pro-
tein forms occlusion bodies that also contain embedded par-
ticles. These occlusion bodies, up to 15 um in size, are highly
refractile, giving them a bright shiny appearance that is
readily visualized under the light microscope. Cells infected
with recombinant viruses lack occlusion bodies. To distin-
guish recombinant virus from wild-type virus, the transfec-
tion supernatant is plagued onto a monolayer of insect cells by
techniques known to those skilled in the art. Namely, the
plaques are screened under the light microscope for the pres-
ence (indicative of wild-type virus) or absence (indicative of
recombinant virus) of occlusion bodies. Current Protocols in
Microbiology Vol. 2 (Ausubel et al. eds) at 16.8 (Supp. 10,
1990); Summers and Smith, supra; Miller et al. (1989).

Recombinant baculovirus expression vectors have been
developed for infection into several insect cells. For example,
recombinant baculoviruses have been developed for, inter
alia: Aedes aegypti, Autographa californica, Bombyx movi,
Drosophila melanogaster, Spodoptera frugiperda, and Tri-
choplusia ni (PCT Pub. No. WO 89/046699; Carbonell et al.,
(1985)J.Virol. 56:153; Wright (1986) Nature 321:718; Smith
et al., (1983) Mol. Cell. Biol. 3:2156; and see generally,
Fraser, et al. (1989) In Vitro Cell. Dev. Biol. 25:225).

Cells and cell culture media are commercially available for
both direct and fusion expression of heterologous polypep-
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tides in a baculovirus/expression system; cell culture technol-
ogy is generally known to those skilled in the art. See, e.g.,
Summers and Smith supra.

The modified insect cells may then be grown in an appro-
priate nutrient medium, which allows for stable maintenance
of the plasmid(s) present in the modified insect host. Where
the expression product gene is under inducible control, the
host may be grown to high density, and expression induced.
Alternatively, where expression is constitutive, the product
will be continuously expressed into the medium and the nutri-
ent medium must be continuously circulated, while removing
the product of interest and augmenting depleted nutrients.
The product may be purified by such techniques as chroma-
tography, e.g., HPLC, affinity chromatography, ion exchange
chromatography, etc.; electrophoresis; density gradient cen-
trifugation; solvent extraction, or the like. As appropriate, the
product may be further purified, as required, so as to remove
substantially any insect proteins which are also secreted in the
medium or result from lysis of insect cells, so as to provide a
product which is at least substantially free ofhost debris, e.g.,
proteins, lipids and polysaccharides.

In order to obtain protein expression, recombinant host
cells derived from the transformants are incubated under con-
ditions which allow expression of the recombinant protein
encoding sequence. These conditions will vary, dependent
upon the host cell selected. However, the conditions are
readily ascertainable to those of ordinary skill in the art, based
upon what is known in the art.

iv. Bacterial Systems

Bacterial expression techniques are known in the art. A
bacterial promoter is any DNA sequence capable of binding
bacterial RNA polymerase and initiating the downstream (3")
transcription of a coding sequence (e.g. structural gene) into
mRNA. A promoter will have a transcription initiation region
which is usually placed proximal to the 5' end of the coding
sequence. This transcription initiation region usually includes
an RNA polymerase binding site and a transcription initiation
site. A bacterial promoter may also have a second domain
called an operator, that may overlap an adjacent RNA poly-
merase binding site at which RNA synthesis begins. The
operator permits negative regulated (inducible) transcription,
as a gene repressor protein may bind the operator and thereby
inhibit transcription of a specific gene. Constitutive expres-
sion may occur in the absence of negative regulatory ele-
ments, such as the operator. In addition, positive regulation
may be achieved by a gene activator protein binding
sequence, which, if present is usually proximal (5') to the
RNA polymerase binding sequence. An example of a gene
activator protein is the catabolite activator protein (CAP),
which helps initiate transcription of the lac operon in Escheri-
chia coli (E. coli) (Raibaud et al. (1984) Annu. Rev. Genet.
18:173). Regulated expression may therefore be either posi-
tive or negative, thereby either enhancing or reducing tran-
scription.

Sequences encoding metabolic pathway enzymes provide
particularly useful promoter sequences. Examples include
promoter sequences derived from sugar metabolizing
enzymes, such as galactose, lactose (lac) (Chang et al. (1977)
Nature 198:1056), and maltose. Additional examples include
promoter sequences derived from biosynthetic enzymes such
as tryptophan (trp) (Goeddel et al. (1980) Nuc. Acids Res.
8:4057; Yelverton et al. (1981) Nucl. Acids Res. 9:731; U.S.
Pat. No. 4,738,921; EPO Publ. Nos. 036 776 and 121 775).
The beta-lactamase (bla) promoter system (Weissmann
(1981) “The cloning of interferon and other mistakes.” In
Interferon 3 (ed. 1. Gresser)), bacteriophage lambda PL (Shi-
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matake et al. (1981) Nature 292:128) and T5 (U.S. Pat. No.
4,689,406) promoter systems also provide useful promoter
sequences.

In addition, synthetic promoters which do not occur in
nature also function as bacterial promoters. For example,
transcription activation sequences of one bacterial or bacte-
riophage promoter may be joined with the operon sequences
of another bacterial or bacteriophage promoter, creating a
synthetic hybrid promoter (U.S. Pat. No. 4,551,433). For
example, the tac promoter is a hybrid trp-lac promoter com-
prised of both trp promoter and lac operon sequences that is
regulated by the lac repressor (Amann et al. (1983) Gene
25:167; de Boer et al. (1983) Proc. Natl. Acad. Sci. 80:21).
Furthermore, a bacterial promoter can include naturally
occurring promoters of non-bacterial origin that have the
ability to bind bacterial RNA polymerase and initiate tran-
scription. A naturally occurring promoter of non-bacterial
origin can also be coupled with a compatible RNA poly-
merase to produce high levels of expression of some genes in
prokaryotes. The bacteriophage T7 RNA polymerase/pro-
moter system is an example of a coupled promoter system
(Studier et al. (1986) J. Mol. Biol. 189:113; Taboretal. (1985)
Proc Natl. Acad. Sci. 82:1074). In addition, a hybrid promoter
can also be comprised of a bacteriophage promoter and an F.
coli operator region (EPO Publ. No. 267 851).

In addition to a functioning promoter sequence, an efficient
ribosome binding site is also useful for the expression of
foreign genes in prokaryotes. In . coli, the ribosome binding
site is called the Shine-Dalgarno (SD) sequence and includes
an initiation codon (ATG) and a sequence 3-9 nucleotides in
length located 3-11 nucleotides upstream of the initiation
codon (Shine et al. (1975) Nature 254:34). The SD sequence
is thought to promote binding of mRNA to the ribosome by
the pairing of bases between the SD sequence and the 3' end
of E. coli 16S rRNA (Steitz et al. (1979) “Genetic signals and
nucleotide sequences in messenger RNA” In Biological
Regulation and Development: Gene Expression (ed. R. F.
Goldberger)). To express eukaryotic genes and prokaryotic
genes with weak ribosome-binding site, it is often necessary
to optimize the distance between the SD sequence and the
ATG of'the eukaryotic gene (Sambrook et al. (1989) “Expres-
sion of cloned genes in Escherichia coli” In Molecular Clon-
ing: A Laboratory Manual).

A DNA molecule may be expressed intracellularly. A pro-
moter sequence may be directly linked with the DNA mol-
ecule, in which case the first amino acid at the N-terminus will
always be a methionine, which is encoded by the ATG start
codon. If desired, methionine at the N-terminus may be
cleaved from the protein by in vitro incubation with cyanogen
bromide or by either in vivo or in vitro incubation with a
bacterial methionine N-terminal peptidase (EPO Publ. No.
219 237).

Fusion proteins provide an alternative to direct expression.
Usually, a DNA sequence encoding the N-terminal portion of
an endogenous bacterial protein, or other stable protein, is
fused to the 5' end of heterologous coding sequences. Upon
expression, this construct will provide a fusion of the two
amino acid sequences. For example, the bacteriophage
lambda cell gene can be linked at the 5' terminus of a foreign
gene and expressed in bacteria. The resulting fusion protein
preferably retains a site for a processing enzyme (factor Xa)
to cleave the bacteriophage protein from the foreign gene
(Nagai etal. (1984) Nature 309:810). Fusion proteins can also
be made with sequences from the lacZ (Jia et al. (1987) Gene
60:197), trpE (Allen et al. (1987) J. Biotechnol. 5:93; Makoff
etal. (1989) J. Gen. Microbiol. 135:11), and Chey (EPO Publ.
No. 324 647) genes. The DNA sequence at the junction of the
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two amino acid sequences may or may not encode a cleavable
site. Another example is a ubiquitin fusion protein. Such a
fusion protein is made with the ubiquitin region that prefer-
ably retains a site for a processing enzyme (e.g. ubiquitin
specific processing-protease) to cleave the ubiquitin from the
foreign protein. Through this method, native foreign protein
can be isolated (Miller et al. (1989) Bio/Technology 7:698).

Alternatively, foreign proteins can also be secreted from
the cell by creating chimeric DNA molecules that encode a
fusion protein comprised of a signal peptide sequence frag-
ment that provides for secretion of the foreign protein in
bacteria (U.S. Pat. No. 4,336,336). The signal sequence frag-
ment usually encodes a signal peptide comprised of hydro-
phobic amino acids which direct the secretion of the protein
from the cell. The protein is either secreted into the growth
media (gram-positive bacteria) or into the periplasmic space,
located between the inner and outer membrane of the cell
(gram-negative bacteria). Preferably there are processing
sites, which can be cleaved either in vivo or in vitro encoded
between the signal peptide fragment and the foreign gene.

DNA encoding suitable signal sequences can be derived
from genes for secreted bacterial proteins, such as the E. coli
outer membrane protein gene (ompA) (Masui et al. (1983),
in: Experimental Manipulation of Gene Expression; Ghrayeb
etal. (1984) EMBO J. 3:2437) and the F. coli alkaline phos-
phatase signal sequence (phoA) (Oka et al. (1985) Proc. Natl.
Acad. Sci. 82:7212). As an additional example, the signal
sequence of the alpha-amylase gene from various Bacillus
strains can be used to secrete heterologous proteins from B.
subtilis (Palva et al. (1982) Proc. Natl. Acad. Sci. USA
79:5582; EPO Publ. No. 244 042).

Usually, transcription termination sequences recognized
by bacteria are regulatory regions located 3' to the translation
stop codon, and thus together with the promoter flank the
coding sequence. These sequences direct the transcription of
an mRNA which can be translated into the polypeptide
encoded by the DNA. Transcription termination sequences
frequently include DNA sequences of about 50 nucleotides
capable of forming stem loop structures that aid in terminat-
ing transcription. Examples include transcription termination
sequences derived from genes with strong promoters, such as
the trp gene in E. coli as well as other biosynthetic genes.

Usually, the above described components, comprising a
promoter, signal sequence (if desired), coding sequence of
interest, and transcription termination sequence, are put
together into expression constructs. Expression constructs
are often maintained in a replicon, such as an extrachromo-
somal element (e.g., plasmids) capable of stable maintenance
in a host, such as bacteria. The replicon will have a replication
system, thus allowing it to be maintained in a prokaryotic host
either for expression or for cloning and amplification. In
addition, a replicon may be either a high or low copy number
plasmid. A high copy number plasmid will generally have a
copy number ranging from about 5 to about 200, and usually
about 10 to about 150. A host containing a high copy number
plasmid will preferably contain at least about 10, and more
preferably at least about 20 plasmids. Either a high or low
copy number vector may be selected, depending upon the
effect of the vector and the foreign protein on the host.

Alternatively, the expression constructs can be integrated
into the bacterial genome with an integrating vector. Integrat-
ing vectors usually contain at least one sequence homologous
to the bacterial chromosome that allows the vector to inte-
grate. Integrations appear to result from recombinations
between homologous DNA in the vector and the bacterial
chromosome. For example, integrating vectors constructed
with DNA from various Bacillus strains integrate into the
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Bacillus chromosome (EPO Publ. No. 127 328). Integrating
vectors may also be comprised of bacteriophage or transpo-
son sequences.

Usually, extrachromosomal and integrating expression
constructs may contain selectable markers to allow for the
selection of bacterial strains that have been transformed.
Selectable markers can be expressed in the bacterial host and
may include genes which render bacteria resistant to drugs
such as ampicillin, chloramphenicol, erythromycin, kanamy-
cin (neomycin), and tetracycline (Davies et al. (1978) Arnu.
Rev. Microbiol. 32:469). Selectable markers may also include
biosynthetic genes, such as those in the histidine, tryptophan,
and leucine biosynthetic pathways.

Alternatively, some of the above described components
can be put together in transformation vectors. Transformation
vectors are usually comprised of a selectable market that is
either maintained in a replicon or developed into an integrat-
ing vector, as described above. Expression and transforma-
tion vectors, either extra-chromosomal replicons or integrat-
ing vectors, have been developed for transformation into
many bacteria. For example, expression vectors have been
developed for, inter alia, the following bacteria: Bacillus sub-
tilis (Palva et al. (1982) Proc. Natl. Acad. Sci. USA 79:5582;
EPO Publ. Nos. 036 259 and 063 953; PCT Publ. No. WO
84/04541), Escherichia coli (Shimatake et al. (1981) Nature
292:128; Amann et al. (1985) Gene 40:183; Studier et al.
(1986) J. Mol. Biol. 189:113; EPO Publ. Nos. 036 776, 136
829 and 136 907), Streptococcus cremoris (Powell et al.
(1988) Appl. Environ. Microbiol. 54:655); Streptococcus liv-
idans (Powell et al. (1988) Appl. Environ. Microbiol. 54:655),
Streptomyces lividans (U.S. Pat. No. 4,745,056).

Methods of introducing exogenous DNA into bacterial
hosts are well-known in the art, and usually include either the
transformation of bacteria treated with CaCl, or other agents,
such as divalent cations and DMSO. DNA can also be intro-
duced into bacterial cells by electroporation. Transformation
procedures usually vary with the bacterial species to be trans-
formed. (See e.g., use of Bacillus: Masson etal. (1989) FEMS
Microbiol. Lett. 60:273; Palva et al. (1982) Proc. Natl. Acad.
Sci. USA79:5582; EPO Publ. Nos. 036 259 and 063 953; PCT
Publ. No. WO 84/04541; use of Campylobacter: Miller et al.
(1988) Proc. Natl. Acad. Sci. 85:856; and Wang et al. (1990)
J. Bacteriol. 172:949; use of Escherichia coli: Cohen et al.
(1973) Proc. Natl. Acad. Sci. 69:2110; Dower et al. (1988)
Nucleic Acids Res. 16:6127; Kushner (1978) “An improved
method for transformation of Escherichia coli with ColE1-
derived plasmids. In Genetic Engineering: Proceedings of the
International Symposium on Genetic Engineering (eds. H. W.
Boyer and S, Nicosia); Mandel et al. (1970) J. Mol. Biol.
53:159; Taketo (1988) Biochim. Biophys. Acta 949:318; use
of Lactobacillus: Chassy et al. (1987) FEMS Microbiol. Lett.
44:173; use of Pseudomonas: Fiedler et al. (1988) Anal. Bio-
chem 170:38; use of Staphylococcus: Augustin et al. (1990)
FEMS Microbiol. Lett. 66:203; use of Streptococcus: Barany
etal. (1980) J. Bacteriol. 144:698; Harlander (1987) “Trans-
formation of Streptococcus lactis by electroporation, in:
Streptococcal Genetics (ed. J. Ferretti and R. Curtiss I I I);
Perry et al. (1981) Infect. Immun. 32:1295; Powell et al.
(1988) Appl. Environ. Microbiol. 54:655; Somkuti et al.
(1987) Proc. 4th Evr. Cong. Biotechnology 1:412.

v. Yeast Expression

Yeast expression systems are also known to one of ordinary
skill in the art. A yeast promoter is any DNA sequence
capable of binding yeast RNA polymerase and initiating the
downstream (3') transcription of a coding sequence (e.g.
structural gene) into mRNA. A promoter will have a tran-
scription initiation region which is usually placed proximal to
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the 5' end of the coding sequence. This transcription initiation
region usually includes an RNA polymerase binding site (the
“TATA Box”) and a transcription initiation site. A yeast pro-
moter may also have a second domain called an upstream
activator sequence (UAS), which, if present, is usually distal
to the structural gene. The UAS permits regulated (inducible)
expression. Constitutive expression occurs in the absence of a
UAS. Regulated expression may be either positive or nega-
tive, thereby either enhancing or reducing transcription.

Yeast is a fermenting organism with an active metabolic
pathway, therefore sequences encoding enzymes in the meta-
bolic pathway provide particularly useful promoter
sequences. Examples include alcohol dehydrogenase (ADH)
(EPO Publ. No. 284 044), enolase, glucokinase, glucose-6-
phosphate isomerase, glyceraldehyde-3-phosphate-dehydro-
genase (GAP or GAPDH), hexokinase, phosphofructokinase,
3-phosphoglycerate mutase, and pyruvate kinase (PyK) (EPO
Publ. No. 329 203). The yeast PHOS gene, encoding acid
phosphatase, also provides useful promoter sequences (My-
anohara et al. (1983) Proc. Natl. Acad. Sci. USA 80:1).

In addition, synthetic promoters which do not occur in
nature also function as yeast promoters. For example, UAS
sequences of one yeast promoter may be joined with the
transcription activation region of another yeast promoter, cre-
ating a synthetic hybrid promoter. Examples of such hybrid
promoters include the ADH regulatory sequence linked to the
GAP transcription activation region (U.S. Pat. Nos. 4,876,
197 and 4,880,734). Other examples of hybrid promoters
include promoters which consist of the regulatory sequences
of either the ADH2, GAL4, GAL10, OR PHOS genes, com-
bined with the transcriptional activation region of a glycolytic
enzyme gene such as GAP or PyK (EPO Publ. No. 164 556).
Furthermore, a yeast promoter can include naturally occur-
ring promoters of non-yeast origin that have the ability to bind
yeast RNA polymerase and initiate transcription. Examples
of such promoters include, inter alia, (Cohen et al. (1980)
Proc. Natl. Acad. Sci. USA 77:1078; Henikoff et al. (1981)
Nature 283:835; Hollenberg et al. (1981) Curr. Topics Micro-
biol. Immunol. 96:119; Hollenberg et al. (1979) “The Expres-
sion of Bacterial Antibiotic Resistance Genes in the Yeast
Saccharomyces cerevisiae,” in: Plasmids of Medical, Envi-
ronmental and Commercial Importance (eds. K. N. Timmis
and A. Puhler); Mercerau-Puigalon et al. (1980) Gene
11:163; Panthier et al. (1980) Curr. Genet. 2:109).

A DNA molecule may be expressed intracellularly in yeast.
A promoter sequence may be directly linked with the DNA
molecule, in which case the first amino acid at the N-terminus
of the recombinant protein will always be a methionine,
which is encoded by the AT G start codon. If desired, methion-
ine at the N-terminus may be cleaved from the protein by in
vitro incubation with cyanogen bromide.

Fusion proteins provide an alternative for yeast expression
systems, as well as in mammalian, plant, baculovirus, and
bacterial expression systems. Usually, a DNA sequence
encoding the N-terminal portion of an endogenous yeast pro-
tein, or other stable protein, is fused to the 5' end of heterolo-
gous coding sequences. Upon expression, this construct will
provide a fusion of the two amino acid sequences. For
example, the yeast or human superoxide dismutase (SOD)
gene, can be linked at the 5' terminus of a foreign gene and
expressed in yeast. The DNA sequence at the junction of the
two amino acid sequences may or may not encode a cleavable
site. See e.g., EPO Publ. No. 196056. Another example is a
ubiquitin fusion protein. Such a fusion protein is made with
the ubiquitin region that preferably retains a site for a pro-
cessing enzyme (e.g. ubiquitin-specific processing protease)
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to cleave the ubiquitin from the foreign protein. Through this
method, therefore, native foreign protein can be isolated (e.g.,
WO88/024066).

Alternatively, foreign proteins can also be secreted from
the cell into the growth media by creating chimeric DNA
molecules that encode a fusion protein comprised of a leader
sequence fragment that provide for secretion in yeast of the
foreign protein. Preferably, there are processing sites encoded
between the leader fragment and the foreign gene that can be
cleaved either in vivo or in vitro. The leader sequence frag-
ment usually encodes a signal peptide comprised of hydro-
phobic amino acids which direct the secretion of the protein
from the cell.

DNA encoding suitable signal sequences can be derived
from genes for secreted yeast proteins, such as the yeast
invertase gene (EPO Publ. No. 012 873; JPO Publ. No.
62:096,086) and the A-factor gene (U.S. Pat. No. 4,588,684).
Alternatively, leaders of non-yeast origin, such as an inter-
feron leader, exist that also provide for secretion in yeast
(EPO Publ. No. 060 057).

A preferred class of secretion leaders are those that employ
a fragment of the yeast alpha-factor gene, which contains
both a “pre” signal sequence, and a “pro” region. The types of
alpha-factor fragments that can be employed include the full-
length pre-pro alpha factor leader (about 83 amino acid resi-
dues) as well as truncated alpha-factor leaders (usually about
25 to about 50 amino acid residues) (U.S. Pat. Nos. 4,546,083
and 4,870,008; EPO Publ. No. 324 274). Additional leaders
employing an alpha-factor leader fragment that provides for
secretion include hybrid alpha-factor leaders made with a
presequence of a first yeast, but a pro-region from a second
yeast alphafactor. (See e.g., PCT Publ. No. WO 89/02463.)

Usually, transcription termination sequences recognized
by yeast are regulatory regions located 3' to the translation
stop codon, and thus together with the promoter flank the
coding sequence. These sequences direct the transcription of
an mRNA which can be translated into the polypeptide
encoded by the DNA. Examples of transcription terminator
sequence and other yeast-recognized termination sequences,
such as those coding for glycolytic enzymes.

Usually, the above described components, comprising a
promoter, leader (if desired), coding sequence of interest, and
transcription termination sequence, are put together into
expression constructs. Expression constructs are often main-
tained in a replicon, such as an extrachromosomal element
(e.g., plasmids) capable of stable maintenance in a host, such
as yeast or bacteria. The replicon may have two replication
systems, thus allowing it to be maintained, for example, in
yeast for expression and in a prokaryotic host for cloning and
amplification. Examples of such yeast-bacteria shuttle vec-
tors include YEp24 (Botstein et al. (1979) Gene 8:17-24),
pCl/1 (Brake et al. (1984) Proc. Natl. Acad. Sci. USA
81:4642-4646), and YRp17 (Stinchcomb et al. (1982) J. Mol.
Biol. 158:157). In addition, a replicon may be either a high or
low copy number plasmid. A high copy number plasmid will
generally have a copy number ranging from about 5 to about
200, and usually about 10 to about 150. A host containing a
high copy number plasmid will preferably have at least about
10, and more preferably at least about 20. Enter a high or low
copy number vector may be selected, depending upon the
effect of the vector and the foreign protein on the host. See
e.g., Brake et al., supra.

Alternatively, the expression constructs can be integrated
into the yeast genome with an integrating vector. Integrating
vectors usually contain at least one sequence homologous to
a yeast chromosome that allows the vector to integrate, and
preferably contain two homologous sequences flanking the
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expression construct. Integrations appear to result from
recombinations between homologous DNA in the vector and
the yeast chromosome (Orr-Weaver et al. (1983) Methods in
Enzymol. 101:228-245). An integrating vector may be
directed to a specific locus in yeast by selecting the appropri-
ate homologous sequence for inclusion in the vector. See
Orr-Weaver et al., supra. One or more expression construct
may integrate, possibly affecting levels of recombinant pro-
tein produced (Rine et al. (1983) Proc. Natl. Acad. Sci. USA
80:6750). The chromosomal sequences included in the vector
can occur either as a single segment in the vector, which
results in the integration of the entire vector, or two segments
homologous to adjacent segments in the chromosome and
flanking the expression construct in the vector, which can
result in the stable integration of only the expression con-
struct.

Usually, extrachromosomal and integrating expression
constructs may contain selectable markers to allow for the
selection of yeast strains that have been transformed. Select-
able markers may include biosynthetic genes that can be
expressed in the yeast host, such as ADE2, HIS4, LEU2,
TRP1, and ALG7, and the G418 resistance gene, which con-
fer resistance in yeast cells to tunicamycin and G418, respec-
tively. In addition, a suitable selectable marker may also
provide yeast with the ability to grow in the presence of toxic
compounds, such as metal. For example, the presence of
CUPI1 allows yeast to grow in the presence of copper ions
(Butt et al. (1987) Microbiol, Rev. 51:351).

Alternatively, some of the above described components
can be put together into transformation vectors. Transforma-
tion vectors are usually comprised of a selectable marker that
is either maintained in a replicon or developed into an inte-
grating vector, as described above.

Expression and transformation vectors, either extrachro-
mosomal replicons or integrating vectors, have been devel-
oped for transformation into many yeasts. For example,
expression vectors and methods of introducing exogenous
DNA into yeast hosts have been developed for, inter alia, the
following yeasts: Candida albicans (Kurtz, etal. (1986) Mol.
Cell. Biol. 6:142); Candida maltosa (Kunze, et al. (1985) J.
Basic Microbiol. 25:141); Hansenula polymorpha (Gleeson,
etal. (1986) J. Gen. Microbiol. 132:3459; Roggenkamp et al.
(1986) Mol. Gen. Genet. 202:302); Kluyveromyces fragilis
(Das, et al. (1984) J. Bacteriol. 158:1165); Kluyveromyces
lactis (De Louvencourt et al. (1983) J. Bacteriol. 154:737;
Van den Berg et al. (1990) Bio/Technology 8:135); Pichia
guillerimondii (Kunze et al. (1985) J. Basic Microbiol.
25:141); Pichia pastoris (Cregg, et al. (1985) Mol. Cell. Biol.
5:3376; U.S. Pat. Nos. 4,837,148 and 4,929,555); Saccharo-
myces cerevisiae (Hinnen et al. (1978) Proc. Natl. Acad. Sci.
USA 75:1929; Ito et al. (1983) J. Bacteriol. 153:163);
Schizosaccharomyces pombe (Beach and Nurse (1981)
Nature 300:706); and Yarrowia lipolytica (Davidow, et al.
(1985) Curr. Genet. 10:380471 Gaillardin, et al. (1985) Curr.
Genet. 10:49).

Methods of introducing exogenous DNA into yeast hosts
are well-known in the art, and usually include either the
transformation of spheroplasts or of intact yeast cells treated
with alkali cations. Transformation procedures usually vary
with the yeast species to be transformed. See e.g., [Kurtz et al.
(1986) Mol. Cell. Biol. 6:142; Kunze et al. (1985) J. Basic
Microbiol. 25:141; Candidal); [Gleeson et al. (1986) J. Gen.
Microbiol. 132:3459; Roggenkamp et al. (1986) Mol. Gen.
Genet. 202:302; Hansenula); [Das et al. (1984) J. Bacteriol.
158:1165; De Louvencourt et al. (1983) J. Bacteriol. 154:
1165; Van den Berg et al. (1990) Bio/Technology 8:135;
Kluyveromyces|; [Cregg et al. (1985) Mol. Cell. Biol. 5:3376;
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Kunze et al. (1985) J. Basic Microbiol. 25:141; U.S. Pat. Nos.
4,837,148 and 4,929,555, Pichia]; [Hinnenetal. (1978) Proc.
Natl. Acad. Sci. USA 75; 1929; Ito et al. (1983) J. Bacteriol.
153:163 Saccharomyces]; [Beach and Nurse (1981) Nature
300:706; Schizosaccharomyces|; [Davidow et al. (1985)
Curr. Genet. 10:39; Gaillardin et al. (1985) Curr. Genet.
10:49; Yarrowia].

DEFINITIONS

A composition containing X is “substantially free of”Y
when at least 85% by weight of the total X+Y in the compo-
sition is X. Preferably, X comprises at least about 90% by
weight of the total of X+Y in the composition, more prefer-
ably at least about 95% or even 99% by weight.

A “conserved” Neisseria amino acid fragment or protein is
one that is present in a particular Neisserial protein in at least
X % of Neisseria. The value of x may be 50% or more, e.g.,
66%, 75%, 80%, 90%, 95% or even 100% (i.e. the amino acid
is found in the protein in question in all Neisseria). In order to
determine whether an amino acid is “conserved” in a particu-
lar Neisserial protein, it is necessary to compare that amino
acid residue in the sequences of the protein in question from
aplurality of different Neisseria (areference population). The
reference population may include a number of different Neis-
seria species or may include a single species. The reference
population may include a number of different serogroups of a
particular species or a single serogroup. A preferred reference
population consists of the 5 most common Neisseria The term
“heterologous” refers to two biological components that are
not found together in nature. The components may be host
cells, genes, or regulatory regions, such as promoters.
Although the heterologous components are not found
together in nature, they can function together, as when a
promoter heterologous to a gene is operably linked to the
gene. Another example is where a Neisserial sequence is
heterologous to a mouse host cell.

An “origin of replication” is a polynucleotide sequence
that initiates and regulates replication of polynucleotides,
such as an expression vector. The origin of replication
behaves as an autonomous unit of polynucleotide replication
within a cell, capable of replication under its own control. An
origin of replication may be needed for a vector to replicate in
a particular host cell. With certain origins of replication, an
expression vector can be reproduced at a high copy number in
the presence of the appropriate proteins within the cell.
Examples of origins are the autonomously replicating
sequences, which are effective in yeast; and the viral T-anti-
gen, effective in COS-7 cells.

A “mutant” sequence is defined as a DNA, RNA or amino
acid sequence differing from but having homology with the
native or disclosed sequence. Depending on the particular
sequence, the degree of homology (sequence identity)
between the native or disclosed sequence and the mutant
sequence is preferably greater than 50% (e.g., 60%, 70%,
80%, 90%, 95%, 99% or more) which is calculated as
described above. As used herein, an “allelic variant” of a
nucleic acid molecule, or region, for which nucleic acid
sequence is provided herein is a nucleic acid molecule, or
region, that occurs at essentially the same locus in the genome
of another or second isolate, and that, due to natural variation
caused by, for example, mutation or recombination, has a
similar but not identical nucleic acid sequence. A coding
region allelic variant typically encodes a protein having simi-
lar activity to that of the protein encoded by the gene to which
it is being compared. An allelic variant can also comprise an
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alteration in the 5' or 3' untranslated regions of the gene, such
as in regulatory control regions. (see, for example, U.S. Pat.
No. 5,753,235).

Antibodies

Asused herein, the term “antibody” refers to a polypeptide
or group of polypeptides composed of at least one antibody
combining site. An “antibody combining site” is the three-
dimensional binding space with an internal surface shape and
charge distribution complementary to the features of an
epitope of an antigen, which allows a binding of the antibody
with the antigen. “Antibody” includes, for example, verte-
brate antibodies, hybrid antibodies, chimeric antibodies,
humanized antibodies, altered antibodies, univalent antibod-
ies, Fab proteins, and single domain antibodies.

Antibodies against the proteins of the invention are useful
for affinity chromatography, immunoassays, and distinguish-
ing/identifying Neisseria menB proteins. Antibodies elicited
against the proteins of the present invention bind to antigenic
polypeptides or proteins or protein fragments that are present
and specifically associated with strains of Neisseria menin-
gitidis menB. In some instances, these antigens may be asso-
ciated with specific strains, such as those antigens specific for
the menB strains. The antibodies of the invention may be
immobilized to a matrix and utilized in an immunoassay or on
an affinity chromatography column, to enable the detection
and/or separation of polypeptides, proteins or protein frag-
ments or cells comprising such polypeptides, proteins or pro-
tein fragments. Alternatively, such polypeptides, proteins or
protein fragments may be immobilized so as to detect anti-
bodies bindably specific thereto.

Antibodies to the proteins of the invention, both polyclonal
and monoclonal, may be prepared by conventional methods.
In general, the protein is first used to immunize a suitable
animal, preferably a mouse, rat, rabbit or goat. Rabbits and
goats are preferred for the preparation of polyclonal sera due
to the volume of serum obtainable, and the availability of
labeled anti-rabbit and anti-goat antibodies. Immunization is
generally performed by mixing or emulsifying the protein in
saline, preferably in an adjuvant such as Freund’s complete
adjuvant, and injecting the mixture or emulsion parenterally
(generally subcutaneously or intramuscularly). A dose of
50-200 pg/injection is typically sufficient. Inmunization is
generally boosted 2-6 weeks later with one or more injections
of'the protein in saline, preferably using Freund’s incomplete
adjuvant. One may alternatively generate antibodies by in
vitro immunization using methods known in the art, which for
the purposes of this invention is considered equivalent to in
vivo immunization. Polyclonal antisera is obtained by bleed-
ing the immunized animal into a glass or plastic container,
incubating the blood at 25° C. for one hour, followed by
incubating at 4° C. for 2-18 hours. The serum is recovered by
centrifugation (e.g., 1,000 g for 10 minutes). About 20-50 ml
per bleed may be obtained from rabbits.

Monoclonal antibodies are prepared using the standard
method of Kohler & Milstein (Nature (1975) 256:495-96), or
amodification thereof. Typically, a mouse or rat is immunized
as described above. However, rather than bleeding the animal
to extract serum, the spleen (and optionally several large
lymph nodes) is removed and dissociated into single cells. If
desired, the spleen cells may be screened (after removal of
nonspecifically adherent cells) by applying a cell suspension
to a plate or well coated with the protein antigen. B-cells that
express membrane-bound immunoglobulin specific for the
antigen bind to the plate, and are not rinsed away with the rest
of'the suspension. Resulting B-cells, or all dissociated spleen
cells, are then induced to fuse with myeloma cells to form
hybridomas, and are cultured in a selective medium (e.g.,
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hypoxanthine, aminopterin, thymidine medium, “HAT”).
The resulting hybridomas are plated by limiting dilution, and
are assayed for the production of antibodies which bind spe-
cifically to the immunizing antigen (and which do not bind to
unrelated antigens). The selected MAb-secreting hybridomas
are then cultured either in vitro (e.g., in tissue culture bottles
or hollow fiber reactors), or in vivo (as ascites in mice).

If desired, the antibodies (whether polyclonal or mono-
clonal) may be labeled using conventional techniques. Suit-
able labels include fluorophores, chromophores, radioactive
atoms (particularly >*P and '*°1), electron-dense reagents,
enzymes, and ligands having specific binding partners.
Enzymes are typically detected by their activity. For example,
horseradish peroxidase is usually detected by its ability to
convert 3,3',5,5"-tetramethylbenzidine (TMB) to a blue pig-
ment, quantifiable with a spectrophotometer. “Specific bind-
ing partner” refers to a protein capable of binding a ligand
molecule with high specificity, as for example in the case of
anantigen and a monoclonal antibody specific therefor. Other
specific binding partners include biotin and avidin or strepta-
vidin, IgG and protein A, and the numerous receptor-ligand
couples known in the art. It should be understood that the
above description is not meant to categorize the various labels
into distinct classes, as the same label may serve in several
different modes. For example, '*°I may serve as a radioactive
label or as an electron-dense reagent. HRP may serve as
enzyme or as antigen for a MAb. Further, one may combine
various labels for desired effect. For example, MAbs and
avidin also require labels in the practice of this invention:
thus, one might label a MAb with biotin, and detect its pres-
ence with avidin labeled with '*°1, or with an anti-biotin MAb
labeled with HRP. Other permutations and possibilities will
be readily apparent to those of ordinary skill in the art, and are
considered as equivalents within the scope of the instant
invention.

Antigens, immunogens, polypeptides, proteins or protein
fragments of the present invention elicit formation of specific
binding partner antibodies. These antigens, immunogens,
polypeptides, proteins or protein fragments of the present
invention comprise immunogenic compositions of the
present invention. Such immunogenic compositions may fur-
ther comprise or include adjuvants, carriers, or other compo-
sitions that promote or enhance or stabilize the antigens,
polypeptides, proteins or protein fragments of the present
invention. Such adjuvants and carriers will be readily appar-
ent to those of ordinary skill in the art.

Pharmaceutical Compositions

Pharmaceutical compositions can comprise (include)
either polypeptides, antibodies, or nucleic acid of the inven-
tion. The pharmaceutical compositions will comprise a thera-
peutically effective amount of either polypeptides, antibod-
ies, or polynucleotides of the claimed invention.

The term “therapeutically effective amount” as used herein
refers to an amount of a therapeutic agent to treat, ameliorate,
or prevent a desired disease or condition, or to exhibit a
detectable therapeutic or preventative effect. The effect can
be detected by, for example, chemical markers or antigen
levels. Therapeutic effects also include reduction in physical
symptoms, such as decreased body temperature, when given
to a patient that is febrile. The precise effective amount for a
subject will depend upon the subject’s size and health, the
nature and extent of the condition, and the therapeutics or
combination of therapeutics selected for administration.
Thus, it is not useful to specify an exact effective amount in
advance. However, the effective amount for a given situation
can be determined by routine experimentation and is within
the judgment of the clinician.
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For purposes of the present invention, an effective dose will
be from about 0.01 mg/kg to 50 mg/kg or 0.05 mg/kg to about
10 mg/kg of the DNA constructs in the individual to which it
is administered.

A pharmaceutical composition can also contain a pharma-
ceutically acceptable carrier. The term “pharmaceutically
acceptable carrier” refers to a carrier for administration of a
therapeutic agent, such as antibodies or a polypeptide, genes,
and other therapeutic agents. The term refers to any pharma-
ceutical carrier that does not itself induce the production of
antibodies harmful to the individual receiving the composi-
tion, and which may be administered without undue toxicity.
Suitable carriers may be large, slowly metabolized macro-
molecules such as proteins, polysaccharides, polylactic acids,
polyglycolic acids, polymeric amino acids, amino acid
copolymers, and inactive virus particles. Such carriers are
well known to those of ordinary skill in the art.

Pharmaceutically acceptable salts can be used therein, for
example, mineral acid salts such as hydrochlorides, hydro-
bromides, phosphates, sulfates, and the like; and the salts of
organic acids such as acetates, propionates, malonates, ben-
zoates, and the like. A thorough discussion of pharmaceuti-
cally acceptable excipients is available in Remington’s Phar-
maceutical Sciences (Mack Pub. Co., N.J. 1991).

Pharmaceutically acceptable carriers in therapeutic com-
positions may contain liquids such as water, saline, glycerol
and ethanol. Additionally, auxiliary substances, such as wet-
ting or emulsitying agents, pH buffering substances, and the
like, may be present in such vehicles. Typically, the therapeu-
tic compositions are prepared as injectables, either as liquid
solutions or suspensions; solid forms suitable for solution in,
or suspension in, liquid vehicles prior to injection may also be
prepared. Liposomes are included within the definition of a
pharmaceutically acceptable carrier.

Delivery Methods

Once formulated, the compositions of the invention can be
administered directly to the subject. The subjects to be treated
can be animals; in particular, human subjects can be treated.

Direct delivery of the compositions will generally be
accomplished by injection, either subcutaneously, intraperi-
toneally, intravenously or intramuscularly or delivered to the
interstitial space of a tissue. The compositions can also be
administered into a lesion. Other modes of administration
include oral and pulmonary administration, suppositories,
and transdermal and transcutaneous applications, needles,
and gene guns or hyposprays. Dosage treatment may be a
single dose schedule or a multiple dose schedule.

Vaccines

Vaccines according to the invention may either be prophy-
lactic (i.e., to prevent infection) or therapeutic (i.e., to treat
disease after infection).

Such vaccines comprise immunizing antigen(s) or immu-
nogen(s), immunogenic polypeptide, protein(s) or protein
fragments, or nucleic acids (e.g., ribonucleic acid or deoxyri-
bonucleic acid), usually in combination with “pharmaceuti-
cally acceptable carriers,” which include any carrier that does
not itself induce the production of antibodies harmful to the
individual receiving the composition. Suitable carriers are
typically large, slowly metabolized macromolecules such as
proteins, polysaccharides, polylactic acids, polyglycolic
acids, polymeric amino acids, amino acid copolymers, lipid
aggregates (such as oil droplets or liposomes), and inactive
virus particles. Such carriers are well known to those of
ordinary skill in the art. Additionally, these carriers may func-
tion as immunostimulating agents (“adjuvants”). Further-
more, the immunogen or antigen may be conjugated to a
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bacterial toxoid, such as a toxoid from diphtheria, tetanus,
cholera, H. pylori, etc. pathogens.

Preferred adjuvants to enhance effectiveness of the com-
position include, but are not limited to: (1) aluminum salts
(alum), such as aluminum hydroxide, aluminum phosphate,
aluminum sulfate, etc; (2) oil-in-water emulsion formulations
(with or without other specific immunostimulating agents
such as muramyl peptides (see below) or bacterial cell wall
components), such as for example (a) MF59 (PCT Publ. No.
WO 90/14837), containing 5% Squalene, 0.5% TWEEN
80™., and 0.5% SPAN 85™ (optionally containing various
amounts of MTP-PE (see below), although not required) for-
mulated into submicron particles using a microfluidizer such
as Model 110Y microfluidizer (Microfluidics, Newton,
Mass.), (b) SAF, containing 10% Squalane, 0.4% Tween 80,
5% PLURONIC™-blocked polymer 121, and thr-MDP (see
below) either microfluidized into a submicron emulsion or
vortexed to generate a larger particle size emulsion, and (c)
RIBI™ adjuvant system (RAS), (Ribi Immunochem, Hamil-
ton, Mont.) containing 2% Squalene, 0.2% TWEEN 80™,
and one or more bacterial cell wall components from the
group consisting of monophosphorylipid A (MPL), trehalose
dimycolate (TDM), and cell wall skeleton (CWS), preferably
MPL+CWS (DETOX™); (3) saponin adjuvants, such as
STIMULON™ (Cambridge Bioscience, Worcester, Mass.)
may be used or particles generated therefrom such as
ISCOMs (immunostimulating complexes); (4) Complete
Freund’s Adjuvant (CFA) and Incomplete Freund’s Adjuvant
(IFA); (5) cytokines, such as interleukins (e.g., IL-1, I1.-2,
1L-4, IL-5, IL-6, IL.-7, IL-12, etc.), interferons (e.g., gamma
interferon), macrophage colony stimulating factor (M-CSF),
tumor necrosis factor (INF), etc; and (6) other substances
that act as immunostimulating agents to enhance the effec-
tiveness of the composition. Alum and MF59 are preferred.

As mentioned above, muramyl peptides include, but are
not limited to, N-acetyl-muramyl-L-threonyl-D-iso-
glutamine (thr-MDP), N-acetyl-normuramyl-L.-alanyl-D-
isoglutamine (nor-MDP), N-acetylmuramyl-L.-alanyl-D-iso-
glutaminyl-L.-alanine-2-(1'-2'-dipalmitoyl-sn-glycero-3-
huydroxyphosphoryloxy)-ethylamine (MTP-PE), etc.

The vaccine compositions comprising immunogenic com-
positions (e.g., which may include the antigen, pharmaceuti-
cally acceptable carrier, and adjuvant) typically will contain
diluents, such as water, saline, glycerol, ethanol, etc. Addi-
tionally, auxiliary substances, such as wetting or emulsifying
agents, pH buffering substances, and the like, may be present
in such vehicles. Alternatively, vaccine compositions com-
prising immunogenic compositions may comprise an anti-
gen, polypeptide, protein, protein fragment or nucleic acid in
a pharmaceutically acceptable carrier.

More specifically, vaccines comprising immunogenic
compositions comprise an immunologically effective amount
of'the immunogenic polypeptides, as well as any other of the
above-mentioned components, as needed. By “immunologi-
cally effective amount™, it is meant that the administration of
that amount to an individual, either in a single dose or as part
of a series, is effective for treatment or prevention. This
amount varies depending upon the health and physical con-
dition of the individual to be treated, the taxonomic group of
individual to be treated (e.g., nonhuman primate, primate,
etc.), the capacity of the individual’s immune system to syn-
thesize antibodies, the degree of protection desired, the for-
mulation of the vaccine, the treating doctor’s assessment of
the medical situation, and other relevant factors. It is expected
that the amount will fall in a relatively broad range that can be
determined through routine trials.
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Typically, the vaccine compositions or immunogenic com-
positions are prepared as injectables, either as liquid solutions
or suspensions; solid forms suitable for solution in, or sus-
pension in, liquid vehicles prior to injection may also be
prepared. The preparation also may be emulsified or encap-
sulated in liposomes for enhanced adjuvant effect, as dis-
cussed above under pharmaceutically acceptable carriers.

The immunogenic compositions are conventionally
administered parenterally, e.g., by injection, either subcuta-
neously or intramuscularly. Additional formulations suitable
for other modes of administration include oral and pulmonary
formulations, suppositories, and transdermal and transcuta-
neous applications. Dosage treatment may be a single dose
schedule or a multiple dose schedule. The vaccine may be
administered in conjunction with other immunoregulatory
agents.

As an alternative to protein-based vaccines, DNA vaccina-
tion may be employed (e.g., Robinson & Torres (1997) Semi-
nars in Immunology 9:271-283; Donnelly et al. (1997) Annu
Rev Immunol 15:617-648).

Gene Delivery Vehicles

Gene therapy vehicles for delivery of constructs, including
a coding sequence of a therapeutic of the invention, to be
delivered to the mammal for expression in the mammal, can
be administered either locally or systemically. These con-
structs can utilize viral or non-viral vector approaches in in
vivo or ex vivo modality. Expression of such coding sequence
can be induced using endogenous mammalian or heterolo-
gous promoters. Expression of the coding sequence in vivo
can be either constitutive or regulated.

The invention includes gene delivery vehicles capable of
expressing the contemplated nucleic acid sequences. The
gene delivery vehicle is preferably a viral vector and, more
preferably, a retroviral, adenoviral, adeno-associated viral
(AAV), herpes viral, or alphavirus vector. The viral vector can
also be an astrovirus, coronavirus, orthomyxovirus,
papovavirus, paramyxovirus, parvovirus, picornavirus, pox-
virus, or togavirus viral vector. See generally, Jolly (1994)
Cancer Gene Therapy 1:51-64; Kimura (1994) Human Gene
Therapy 5:845-852; Connelly (1995) Human Gene Therapy
6:185-193; and Kaplitt (1994) Nature Genetics 6:148-153.

Retroviral vectors are well known in the art, including B, C
and D type retroviruses, xenotropic retroviruses (for example,
NZB-X1,NZB-X2 and NZB9-1 (see O’Neill (1985) J. Virol.
53:160) polytropic retroviruses e.g., MCF and MCF-MLV
(see Kelly (1983) J. Virol. 45:291), spumaviruses and lentivi-
ruses. See RNA Tumor Viruses, Second Edition, Cold Spring
Harbor Laboratory, 1985.

Portions of the retroviral gene therapy vector may be
derived from different retroviruses. For example, retrovector
LTRs may be derived from a Murine Sarcoma Virus, a tRNA
binding site from a Rous Sarcoma Virus, a packaging signal
from a Murine Leukemia Virus, and an origin of second
strand synthesis from an Avian Leukosis Virus.

These recombinant retroviral vectors may be used to gen-
erate transduction competent retroviral vector particles by
introducing them into appropriate packaging cell lines (see
U.S. Pat. No. 5,591,624). Retrovirus vectors can be con-
structed for site-specific integration into host cell DNA by
incorporation of a chimeric integrase enzyme into the retro-
viral particle (see W096/37626). It is preferable that the
recombinant viral vector is a replication defective recombi-
nant virus.

Packaging cell lines suitable for use with the above-de-
scribed retrovirus vectors are well known in the art, are
readily prepared (see W095/30763 and W(92/05266), and
can be used to create producer cell lines (also termed vector
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cell lines or “VCLs”) for the production of recombinant vec-
tor particles. Preferably, the packaging cell lines are made
from human parent cells (e.g., HT1080 cells) or mink parent
cell lines, which eliminates inactivation in human serum.

Preferred retroviruses for the construction of retroviral
gene therapy vectors include Avian Leukosis Virus, Bovine
Leukemia Virus, Murine Leukemia Virus, Mink-Cell Focus-
Inducing Virus, Murine Sarcoma Virus, Reticuloendothelio-
sis Virus and Rous Sarcoma Virus. Particularly preferred
Murine Leukemia Viruses include 4070A and 1504 A (Hart-
ley and Rowe (1976) J Virol 19:19-25), Abelson (ATCC No.
VR-999), Friend (ATCC No. VR-245), Graffi, Gross (ATCC
Nol VR-590), Kirsten, Harvey Sarcoma Virus and Rauscher
(ATCC No. VR-998) and Moloney Murine Leukemia Virus
(ATCC No. VR-190). Such retroviruses may be obtained
from depositories or collections such as the American Type
Culture Collection (“ATCC”) or isolated from known sources
using commonly available techniques.

Exemplary known retroviral gene therapy vectors employ-
able in this invention include those described in patent appli-
cations GB2200651, EP0415731, EP0345242, EP0334301,
W089/02468; W0O89/05349, W0O89/09271, W(O90/02806,
W090/07936, W094/03622, W093/25698, W(193/25234,
W093/11230, W093/10218, W091/02805, W(091/02825,
WQ095/07994, U.S. Pat. No. 5,219,740, U.S. Pat. No. 4,405,
712, U.S. Pat. No. 4,861,719, U.S. Pat. No. 4,980,289, U.S.
Pat. No. 4,777,127, U.S. Pat. No. 5,591,624. See also Vile
(1993) Cancer Res 53:3860-3864; Vile (1993) Cancer Res
53:962-967; Ram (1993) Cancer Res 53 (1993) 83-88; Taka-
miya (1992) J Neurosci Res 33:493-503; Baba (1993) J Neu-
rosurg 79:729-735; Mann (1983) Cell 33:153; Cane (1984)
Proc Natl Acad Sci 81:6349; and Miller (1990) Human Gene
Therapy 1.

Human adenoviral gene therapy vectors are also known in
the art and employable in this invention. See, for example,
Berkner (1988) Biotechniques 6:616 and Rosenfeld (1991)
Science 252:431, and WO093/07283, W093/06223, and
WO093/07282. Exemplary known adenoviral gene therapy
vectors employable in this invention include those described
in the above referenced documents and in W(094/12649,
W093/03769, W093/19191, W094/28938, W(095/11984,
WO95/00655, W095/27071, W095/29993, W(O95/34671,
W096/05320, W094/08026, W094/11506, W(O93/06223,
W094/24299, W095/14102, W095/24297, W(O95/02697,
WO094/28152, W094/24299, W095/09241, W(O95/25807,
WO95/05835, W094/18922 and WO95/09654. Alterna-
tively, administration of DNA linked to killed adenovirus as
described in Curiel (1992) Hum. Gene Ther. 3:147-154 may
be employed. The gene delivery vehicles of the invention also
include adenovirus associated virus (AAV) vectors. Leading
and preferred examples of such vectors for use in this inven-
tion are the AAV-2 based vectors disclosed in Srivastava,
W093/09239. Most preferred AAV vectors comprise the two
AAV inverted terminal repeats in which the native D-se-
quences are modified by substitution of nucleotides, such that
at least 5 native nucleotides and up to 18 native nucleotides,
preferably atleast 10 native nucleotides up to 18 native nucle-
otides, most preferably 10 native nucleotides are retained and
the remaining nucleotides of the D-sequence are deleted or
replaced with non-native nucleotides. The native D-se-
quences of the AAV inverted terminal repeats are sequences
of 20 consecutive nucleotides in each AAV inverted terminal
repeat (i.e., there is one sequence at each end) which are not
involved in HP formation. The non-native replacement nucle-
otide may be any nucleotide other than the nucleotide found
in the native D-sequence in the same position. Other employ-
able exemplary AAV vectors are pWP-19, pWN-1, both of
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which are disclosed in Nahreini (1993) Gene 124:257-262.
Another example of such an AAV vector is psub201 (see
Samulski (1987) J. Virol. 61:3096). Another exemplary AAV
vector is the Double-D ITR vector. Construction of the
Double-D ITR vector is disclosed in U.S. Pat. No. 5,478,745.
Still other vectors are those disclosed in Carter U.S. Pat. No.
4,797,368 and Muzyczka U.S. Pat. No. 5,139,941, Chartejee
U.S. Pat. No. 5,474,935, and Kotin W(094/288157. Yet a
further example of an AAV vector employable in this inven-
tion is SSVOAFABTKneo, which contains the AFP enhancer
and albumin promoter and directs expression predominantly
in the liver. Its structure and construction are disclosed in Su
(1996) Human Gene Therapy 7:463-470. Additional AAV
gene therapy vectors are described in U.S. Pat. No. 5,354,678,
U.S. Pat. No. 5,173,414, U.S. Pat. No. 5,139,941, and U.S.
Pat. No. 5,252,479.

The gene therapy vectors comprising sequences of the
invention also include herpes vectors. Leading and preferred
examples are herpes simplex virus vectors containing a
sequence encoding a thymidine kinase polypeptide such as
those disclosed in U.S. Pat. No. 5,288,641 and EP0176170
(Roizman). Additional exemplary herpes simplex virus vec-
tors include HFEM/ICP6-LacZ disclosed in W095/04139
(Wistar Institute), pHSVlac described in Geller (1988) Sci-
ence 241:1667-1669 and in W090/09441 and W(O92/07945,
HSV Us3::pgC-lacZ described in Fink (1992) Human Gene
Therapy 3:11-19 and HSV 7134, 2 RH 105 and GAL4
described in EP 0453242 (Breakefield), and those deposited
with the ATCC as accession numbers ATCC VR-977 and
ATCC VR-260.

Also contemplated are alpha virus gene therapy vectors
that can be employed in this invention. Preferred alpha virus
vectors are Sindbis viruses vectors. Togaviruses, Semliki For-
est virus (ATCC VR-67; ATCC VR-1247), Middleberg virus
(ATCC VR-370), Ross River virus (ATCC VR-373; ATCC
VR-1246), Venezuelan equine encephalitis virus (ATCC
VR923; ATCC VR-1250; ATCC VR-1249; ATCC VR-532),
and those described in U.S. Pat. Nos. 5,091,309, 5,217,879,
and W092/10578. More particularly, those alpha virus vec-
tors described in U.S. Ser. No. 08/405,627, filed Mar. 15,
1995, W094/21792, W092/10578, W095/07994, U.S. Pat.
No. 5,091,309 and U.S. Pat. No. 5,217,879 are employable.
Such alpha viruses may be obtained from depositories or
collections such as the ATCC or isolated from known sources
using commonly available techniques. Preferably, alphavirus
vectors with reduced cytotoxicity are used (see U.S. Ser. No.
08/679,640).

DNA vector systems such as eukarytic layered expression
systems are also useful for expressing the nucleic acids of the
invention. See W(095/07994 for a detailed description of
eukaryotic layered expression systems. Preferably, the
eukaryotic layered expression systems of the invention are
derived from alphavirus vectors and most preferably from
Sindbis viral vectors.

Other viral vectors suitable for use in the present invention
include those derived from poliovirus, for example ATCC
VR-58 and those described in Evans, Nature 339 (1989) 385
and Sabin (1973) J. Biol. Standardization 1:115; rhinovirus,
for example ATCC VR-1110 and those described in Arnold
(1990) J Cell Biochem L401; pox viruses such as canary pox
virus or vaccinia virus, for example ATCC VR-111 and ATCC
VR-2010 and those described in Fisher-Hoch (1989) Proc
Natl Acad Sci 86:317; Flexner (1989) Ann NY Acad Sci 569:
86, Flexner (1990) Vaccine 8:17; in U.S. Pat. No. 4,603,112
and U.S. Pat. No. 4,769,330 and WO89/01973; SV40 virus,
for example ATCC VR-305 and those described in Mulligan
(1979) Nature 277:108 and Madzak (1992) J Gen Virol
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73:1533; influenza virus, for example ATCC VR-797 and
recombinant influenza viruses made employing reverse
genetics techniques as described in U.S. Pat. No. 5,166,057
and in Enami (1990) Proc Natl Acad Sci 87:3802-3805;
Enami & Palese (1991) J Virol 65:2711-2713 and Luytjes
(1989) Cell 59:110, (see also McMichael (1983) NEJ Med
309:13, and Yap (1978) Nature 273:238 and Nature (1979)
277:108); human immunodeficiency virus as described in
EP-0386882 and in Buchschacher (1992) J. Virol. 66:2731;
measles virus, for example ATCC VR-67 and VR-1247 and
those described in EP-0440219; Aura virus, for example
ATCCVR-368; Bebaru virus, for example ATCC VR-600 and
ATCC VR-1240; Cabassou virus, for example ATCC
VR-922; Chikungunya virus, for example ATCC VR-64 and
ATCC VR-1241; Fort Morgan Virus, for example ATCC
VR-924; Getah virus, for example ATCC VR-369 and ATCC
VR-1243; Kyzylagach virus, for example ATCC VR-927;
Mayaro virus, for example ATCC VR-66; Mucambo virus,
for example ATCC VR-580 and ATCC VR-1244; Ndumu
virus, for example ATCC VR-371; Pixuna virus, for example
ATCC VR-372 and ATCC VR-1245; Tonate virus, for
example ATCC VR-925; Triniti virus, for example ATCC
VR-469; Una virus, for example ATCC VR-374; Whataroa
virus, for example ATCC VR-926; Y-62-33 virus, for example
ATCC VR-375; O’Nyong virus, Eastern encephalitis virus,
for example ATCC VR-65 and ATCC VR-1242; Western
encephalitis virus, for example ATCC VR-70, ATCC
VR-1251, ATCCVR-622 and ATCC VR-1252; and coronavi-
rus, for example ATCC VR-740 and those described in Hamre
(1966) Proc Soc Exp Biol Med 121:190.

Delivery of the compositions of this invention into cells is
not limited to the above mentioned viral vectors. Other deliv-
ery methods and media may be employed such as, for
example, nucleic acid expression vectors, polycationic con-
densed DNA linked or unlinked to killed adenovirus alone,
for example see U.S. Ser. No. 08/366,787, filed Dec. 30, 1994
and Curiel (1992) Hum Gene Ther 3:147-154 ligand linked
DNA, for example see Wu (1989) J Biol Chem 264:16985-
16987, eucaryotic cell delivery vehicles cells, for example see
U.S. Ser. No. 08/240,030, filed May 9, 1994, and U.S. Ser.
No. 08/404,796, deposition of photopolymerized hydrogel
materials, hand-held gene transfer particle gun, as described
in U.S. Pat. No. 5,149,655, ionizing radiation as described in
U.S. Pat. No. 5,206,152 and in W0O92/11033, nucleic charge
neutralization or fusion with cell membranes. Additional
approaches are described in Philip (1994) Mol Cell Biol
14:2411-2418 and in Woffendin (1994) Proc Natl Acad Sci
91:1581-1585.

Particle mediated gene transfer may be employed, for
example see U.S. Ser. No. 60/023,867. Briefly, the sequence
can be inserted into conventional vectors that contain conven-
tional control sequences for high level expression, and then
incubated with synthetic gene transfer molecules such as
polymeric DNA-binding cations like polylysine, protamine,
and albumin, linked to cell targeting ligands such as asia-
loorosomucoid, as described in Wu & Wu (1987) J. Biol.
Chem. 262:4429-4432, insulin as described in Hucked (1990)
Biochem Pharmacol 40:253-263, galactose as described in
Plank (1992) Bioconjugate Chem 3:533-539, lactose or trans-
ferrin.

Naked DNA may also be employed to transform a host cell.
Exemplary naked DNA introduction methods are described
in WO 90/11092 and U.S. Pat. No. 5,580,859. Uptake effi-
ciency may be improved using biodegradable latex beads.
DNA coated latex beads are efficiently transported into cells
after endocytosis initiation by the beads. The method may be
improved further by treatment of the beads to increase hydro-
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phobicity and thereby facilitate disruption of the endosome
and release of the DNA into the cytoplasm.

Liposomes that can act as gene delivery vehicles are
described in U.S. Pat. No. 5,422,120, W095/13796, WO94/
23697, W0O91/14445 and EP-524,968. As described in U.S.
Ser. No. 60/023,867, on non-viral delivery, the nucleic acid
sequences encoding a polypeptide can be inserted into con-
ventional vectors that contain conventional control sequences
for high level expression, and then be incubated with syn-
thetic gene transfer molecules such as polymeric DNA-bind-
ing cations like polylysine, protamine, and albumin, linked to
cell targeting ligands such as asialoorosomucoid, insulin,
galactose, lactose, or transferrin. Other delivery systems
include the use of liposomes to encapsulate DNA comprising
the gene under the control of a variety of tissue-specific or
ubiquitously-active promoters. Further non-viral delivery
suitable for use includes mechanical delivery systems such as
the approach described in Woffendin et al (1994) Proc. Natl.
Acad. Sci. USA 91(24):11581-11585. Moreover, the coding
sequence and the product of expression of such can be deliv-
ered through deposition of photopolymerized hydrogel mate-
rials. Other conventional methods for gene delivery that can
be used for delivery of the coding sequence include, for
example, use of hand-held gene transfer particle gun, as
describedin U.S. Pat. No. 5,149,655; use of ionizing radiation
for activating transferred gene, as described in U.S. Pat. No.
5,206,152 and W(092/11033.

Exemplary liposome and polycationic gene delivery
vehicles are those described in U.S. Pat. Nos. 5,422,120 and
4,762,915; in WO 95/13796; W094/23697; and WO91/
14445; in EP-0524968; and in Stryer, Biochemistry, pages
236-240 (1975) W.H. Freeman, San Francisco; Szoka (1980)
Biochem Biophys Acta 600:1; Bayer (1979) Biochem Biophys
Acta 550:464; Rivnay (1987) Meth Enzymol 149:119; Wang
(1987) Proc Natl Acad Sci 84:7851; Plant (1989) Anal Bio-
chem 176:420.

A polynucleotide composition can comprises therapeuti-
cally effective amount of a gene therapy vehicle, as the term
is defined above. For purposes of the present invention, an
effective dose will be from about 0.01 mg/kg to 50 mg/kg or
0.05 mg/kg to about 10 mg/kg of the DNA constructs in the
individual to which it is administered.

Delivery Methods

Once formulated, the polynucleotide compositions of the
invention can be administered (1) directly to the subject; (2)
delivered ex vivo, to cells derived from the subject; or (3) in
vitro for expression of recombinant proteins. The subjects to
betreated can be mammals or birds. Also, human subjects can
be treated.

Direct delivery of the compositions will generally be
accomplished by injection, either subcutaneously, intraperi-
toneally, intravenously or intramuscularly or delivered to the
interstitial space of a tissue. The compositions can also be
administered into a tumor or lesion. Other modes of admin-
istration include oral and pulmonary administration, supposi-
tories, and transdermal applications, needles, and gene guns
or hyposprays. Dosage treatment may be a single dose sched-
ule or a multiple dose schedule.

Methods for the ex vivo delivery and reimplantation of
transformed cells into a subject are known in the art and
described in eg. W093/14778. Examples of cells useful in ex
vivo applications include, for example, stem cells, particu-
larly hematopoetic, lymph cells, macrophages, dendritic
cells, or tumor cells.

Generally, delivery of nucleic acids for both ex vivo and in
vitro applications can be accomplished by the following pro-
cedures, for example, dextran-mediated transfection, calcium
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phosphate precipitation, polybrene mediated transfection,
protoplast fusion, electroporation, encapsulation of the poly-
nucleotide(s) in liposomes, and direct microinjection of the
DNA into nuclei, all well known in the art.

Polynucleotide and Polypeptide Pharmaceutical Composi-
tions

In addition to the pharmaceutically acceptable carriers and
salts described above, the following additional agents can be
used with polynucleotide and/or polypeptide compositions.
A. Polypeptides

One example are polypeptides which include, without
limitation: asioloorosomucoid (ASOR); transferrin; asia-
loglycoproteins; antibodies; antibody fragments; ferritin;
interleukins; interferons, granulocyte, macrophage colony
stimulating factor (GM-CSF), granulocyte colony stimulat-
ing factor (G-CSF), macrophage colony stimulating factor
(M-CSF), stem cell factor and erythropoietin. Viral antigens,
such as envelope proteins, can also be used. Also, proteins
from other invasive organisms, such as the 17 amino acid
peptide from the circumsporozoite protein of plasmodium
falciparum known as RIIL.

B. Hormones, Vitamins, Etc.

Other groups that can be included are, for example: hor-
mones, steroids, androgens, estrogens, thyroid hormone, or
vitamins, folic acid.

C. Polyalkylenes, Polysaccharides, etc.

Also, polyalkylene glycol can be included with the desired
polynucleotides or polypeptides. In a preferred embodiment,
the polyalkylene glycol is polyethlylene glycol. In addition,
mono-, di-, or polysaccarides can be included. In a preferred
embodiment of this aspect, the polysaccharide is dextran or
DEAE-dextran. Also, chitosan and poly(lactide-co-gly-
colide)

D. Lipids, and Liposomes

The desired polynucleotide or polypeptide can also be
encapsulated in lipids or packaged inliposomes prior to deliv-
ery to the subject or to cells derived therefrom.

Lipid encapsulation is generally accomplished using lipo-
somes which are able to stably bind or entrap and retain
nucleic acid. The ratio of condensed polynucleotide or
polypeptide to lipid preparation can vary but will generally be
around 1:1 (mg DNA:micromoles lipid), or more of lipid. For
a review of the use of liposomes as carriers for delivery of
nucleic acids, see, Hug and Sleight (1991) Biochim. Biophys.
Acta. 1097:1-17; Straubinger (1983) Meth. Enzymol. 101:
512-527.

Liposomal preparations for use in the present invention
include cationic (positively charged), anionic (negatively
charged) and neutral preparations. Cationic liposomes have
been shown to mediate intracellular delivery of plasmid DNA
(Felgner (1987) Proc. Natl. Acad. Sci. USA 84:7413-7416);
mRNA (Malone (1989) Proc. Natl. Acad. Sci. USA 86:6077-
6081); and purified transcription factors (Debs (1990) J. Biol.
Chem. 265:10189-10192), in functional form.

Cationic liposomes are readily available. For example,
N[1-2,3-dioleyloxy)propyl]-N,N,N-triethylammonium
(DOTMA) liposomes are available under the trademark Lipo-
fectin, from GIBCO BRL, Grand Island, N.Y. (See, also,
Felgner supra). Other commercially available liposomes
include transfectace (DDAB/DOPE) and DOTAP/DOPE
(Boerhinger). Other cationic liposomes can be prepared from
readily available materials using techniques well known in
the art. See, eg. Szoka (1978) Proc. Natl. Acad. Sci. USA
75:4194-4198; W0O90/11092 for a description of the synthe-
sis of DOTAP (1,2-bis(oleoyloxy)-3-(trimethylammonio)
propane) liposomes.
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Similarly, anionic and neutral liposomes are readily avail-
able, such as from Avanti Polar Lipids (Birmingham, Ala.), or
can be easily prepared using readily available materials. Such
materials include phosphatidyl choline, cholesterol, phos-
phatidyl ethanolamine, dioleoylphosphatidyl choline
(DOPC), dioleoylphosphatidyl glycerol (DOPG), dio-
leoylphoshatidyl ethanolamine (DOPE), among others.
These materials can also be mixed with the DOTMA and
DOTAP starting materials in appropriate ratios. Methods for
making liposomes using these materials are well known in the
art.

The liposomes can comprise multilammelar vesicles
(MLVs), small unilamellar vesicles (SUVs), or large unila-
mellar vesicles (LUVs). The various liposome-nucleic acid
complexes are prepared using methods known in the art. See
eg. Straubinger (1983) Meth. Immunol. 101:512-527; Szoka
(1978) Proc. Natl. Acad. Sci. USA 75:4194-4198; Papahad-
jopoulos (1975) Biochim. Biophys. Acta 394:483; Wilson
(1979) Cell 17:77); Deamer & Bangham (1976) Biochim.
Biophys. Acta 443:629; Ostro (1977) Biochem. Biophys. Res.
Commun. 76:836; Fraley (1979) Proc. Natl. Acad. Sci. USA
76:3348); Enoch & Strittmatter (1979) Proc. Natl. Acad. Sci.
USA 76:145; Fraley (1980) J. Biol. Chem. (1980) 255:10431;
Szoka & Papahadjopoulos (1978) Proc. Natl. Acad. Sci. USA
75:145; and Schaefer-Ridder (1982) Science 215:166.

E. Lipoproteins

In addition, lipoproteins can be included with the poly-
nucleotide or polypeptide to be delivered. Examples of lipo-
proteins to be utilized include: chylomicrons, HDL, IDL,
LDL, and VLDL. Mutants, fragments, or fusions of these
proteins can also be used. Also, modifications of naturally
occurring lipoproteins can be used, such as acetylated LDL.
These lipoproteins can target the delivery of polynucleotides
to cells expressing lipoprotein receptors. Preferably, if lipo-
proteins are including with the polynucleotide to be deliv-
ered, no other targeting ligand is included in the composition.

Naturally occurring lipoproteins comprise a lipid and a
protein portion. The protein portion are known as apopro-
teins. At the present, apoproteins A, B, C, D, and E have been
isolated and identified. At least two of these contain several
proteins, designated by Roman numerals, Al, All, AIV; CI,
CII, CIIL.

A lipoprotein can comprise more than one apoprotein. For
example, naturally occurring chylomicrons comprises of A,
B, C, and E, over time these lipoproteins lose A and acquire C
and E apoproteins. VLDL comprises A, B, C, and E apopro-
teins, LDL comprises apoprotein B; and HDL comprises
apoproteins A, C, and E.

The amino acid of these apoproteins are known and are
described in, for example, Breslow (1985) Arnu Rev. Bio-
chem 54:699; Law (1986) Adv. Exp Med. Biol. 151:162; Chen
(1986) J Biol Chem 261:12918; Kane (1980) Proc Natl Acad
Sci USA 77:2465; and Utermann (1984) Hum Genet. 65:232.

Lipoproteins contain a variety of lipids including, triglyc-
erides, cholesterol (free and esters), and phopholipids. The
composition of the lipids varies in naturally occurring lipo-
proteins. For example, chylomicrons comprise mainly trig-
lycerides. A more detailed description of the lipid content of
naturally occurring lipoproteins can be found, for example, in
Meth. Enzymol. 128 (1986). The composition of the lipids are
chosen to aid in conformation of the apoprotein for receptor
binding activity. The composition of lipids can also be chosen
to facilitate hydrophobic interaction and association with the
polynucleotide binding molecule.

Naturally occurring lipoproteins can be isolated from
serum by ultracentrifugation, for instance. Such methods are
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describedin Meth. Enzymol. (supra); Pitas (1980)J. Biochem.
255:5454-5460 and Mahey (1979) J. Clin. Invest 64:743-750.

Lipoproteins can also be produced by in vitro or recombi-
nant methods by expression of the apoprotein genes in a
desired host cell. See, for example, Atkinson (1986) Annu Rev
Biophys Chem 15:403 and Radding (1958) Biochim Biophys
Acta 30: 443.

Lipoproteins can also be purchased from commercial sup-
pliers, such as Biomedical Techniologies, Inc., Stoughton,
Mass., USA.

Further description of lipoproteins can be found in Zuck-
ermann et al., PCT. Appln. No. US97/14465.

F. Polycationic Agents

Polycationic agents can be included, with or without lipo-
protein, in a composition with the desired polynucleotide or
polypeptide to be delivered.

Polycationic agents, typically, exhibit a net positive charge
at physiological relevant pH and are capable of neutralizing
the electrical charge of nucleic acids to facilitate delivery to a
desired location. These agents have both in vitro, ex vivo, and
in vivo applications. Polycationic agents can be used to
deliver nucleic acids to a living subject either intramuscularly,
subcutaneously, etc.

The following are examples of useful polypeptides as poly-
cationic agents: polylysine, polyarginine, polyornithine, and
protamine. Other examples include histones, protamines,
human serum albumin, DNA binding proteins, non-histone
chromosomal proteins, coat proteins from DNA viruses, such
as (X174, transcriptional factors also contain domains that
bind DNA and therefore may be useful as nucleic aid con-
densing agents. Briefly, transcriptional factors such as
C/CEBP, c-jun, c-fos, AP-1, AP-2, AP-3, CPF, Prot-1, Sp-1,
Oct-1, Oct-2, CREP, and TFIID contain basic domains that
bind DNA sequences.

Organic polycationic agents include: spermine, spermi-
dine, and purtrescine.

The dimensions and of the physical properties of a poly-
cationic agent can be extrapolated from the list above, to
construct other polypeptide polycationic agents or to produce
synthetic polycationic agents.

Synthetic Polycationic Agents

Synthetic polycationic agents which are useful include, for
example, DEAE-dextran, polybrene. LIPOFECTIN™, and
LIPOFECTAMINE™ are monomers that form polycationic
complexes when combined with polynucleotides or polypep-
tides.

Immunodiagnostic Assays

Neis serial antigens of the invention can be used in immu-
noassays to detect antibody levels (or, conversely, anti-Neis-
serial antibodies can be used to detect antigen levels). Immu-
noassays based on well defined, recombinant antigens can be
developed to replace invasive diagnostics methods. Antibod-
ies to Neis serial proteins within biological samples, includ-
ing for example, blood or serum samples, can be detected.
Design of the immunoassays is subject to a great deal of
variation, and a variety of these are known in the art. Protocols
for the immunoassay may be based, for example, upon com-
petition, or direct reaction, or sandwich type assays. Protocols
may also, for example, use solid supports, or may be by
immunoprecipitation. Most assays involve the use of labeled
antibody or polypeptide; the labels may be, for example,
fluorescent, chemiluminescent, radioactive, or dye mol-
ecules. Assays which amplify the signals from the probe are
also known; examples of which are assays which utilize
biotin and avidin, and enzyme-labeled and mediated immu-
noassays, such as ELISA assays.
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Kits suitable for immunodiagnosis and containing the
appropriate labeled reagents are constructed by packaging the
appropriate materials, including the compositions of the
invention, in suitable containers, along with the remaining
reagents and materials (for example, suitable buffers, salt
solutions, etc.) required for the conduct of the assay, as well as
suitable set of assay instructions.

Nucleic Acid Hybridisation

“Hybridization” refers to the association of two nucleic
acid sequences to one another by hydrogen bonding. Typi-
cally, one sequence will be fixed to a solid support and the
other will be free in solution. Then, the two sequences will be
placed in contact with one another under conditions that favor
hydrogen bonding. Factors that affect this bonding include:
the type and volume of solvent; reaction temperature; time of
hybridization; agitation; agents to block the non-specific
attachment of the liquid phase sequence to the solid support
(Denhardt’s reagent or BLOTTO); concentration of the
sequences; use of compounds to increase the rate of associa-
tion of sequences (dextran sulfate or polyethylene glycol);
and the stringency of the washing conditions following
hybridization. See Sambrook et al. [supra] Volume 2, chapter
9, pages 9.47 to 9.57.

“Stringency” refers to conditions in a hybridization reac-
tion that favor association of very similar sequences over
sequences that differ. For example, the combination of tem-
perature and salt concentration should be chosen that is
approximately 120 to 200° C. below the calculated Tm of the
hybrid under study. The temperature and salt conditions can
often be determined empirically in preliminary experiments
in which samples of genomic DNA immobilized on filters are
hybridized to the sequence of interest and then washed under
conditions of different stringencies. See Sambrook et al. at
page 9.50.

Variables to consider when performing, for example, a
Southern blotare (1) the complexity of the DNA being blotted
and (2) the homology between the probe and the sequences
being detected. The total amount of the fragment(s) to be
studied can vary a magnitude of 10, from 0.1 to 1 pg for a
plasmid or phage digest to 10~ to 1072 g for a single copy
gene in a highly complex eukaryotic genome. For lower com-
plexity polynucleotides, substantially shorter blotting,
hybridization, and exposure times, a smaller amount of start-
ing polynucleotides, and lower specific activity of probes can
be used. For example, a single-copy yeast gene can be
detected with an exposure time of only 1 hour starting with 1
ng of yeast DNA, blotting for two hours, and hybridizing for
4-8 hours with a probe of 10® cpm/ug. For a single-copy
mammalian gene a conservative approach would start with 10
ng of DNA, blot overnight, and hybridize overnight in the
presence of 10% dextran sulfate using a probe of greater than
10® cpm/jig, resulting in an exposure time of ~24 hours.

Several factors can affect the melting temperature (Tm) of
a DNA-DNA hybrid between the probe and the fragment of
interest, and consequently, the appropriate conditions for
hybridization and washing. In many cases the probe is not
100% homologous to the fragment. Other commonly encoun-
tered variables include the length and total G+C content of the
hybridizing sequences and the ionic strength and formamide
content of the hybridization buffer. The effects of all of these
factors can be approximated by a single equation:

Tm=81+16.6(log, (Ci)+0.4[% (G+C)]-0.6(% forma-
mide)-600/1—1.5(% mismatch).

where Ci is the salt concentration (monovalent ions) and n
is the length of the hybrid in base pairs (slightly modified
from Meinkoth & Wahl (1984) Aral. Biochem. 138: 267-
284).
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In designing a hybridization experiment, some factors
affecting nucleic acid hybridization can be conveniently
altered. The temperature of the hybridization and washes and
the salt concentration during the washes are the simplest to
adjust. As the temperature of the hybridization increases (ie.
stringency), it becomes less likely for hybridization to occur
between strands that are nonhomologous, and as a result,
background decreases. If the radiolabeled probe is not com-
pletely homologous with the immobilized fragment (as is
frequently the case in gene family and interspecies hybrid-
ization experiments), the hybridization temperature must be
reduced, and background will increase. The temperature of
the washes affects the intensity of the hybridizing band and
the degree of background in a similar manner. The stringency
of the washes is also increased with decreasing salt concen-
trations.

In general, convenient hybridization temperatures in the
presence of 50% formamide are 42° C. for a probe with is
95% to 100% homologous to the target fragment, 37° C. for
90% to 95% homology, and 32° C. for 85% to 90% homology.
For lower homologies, formamide content should be lowered
and temperature adjusted accordingly, using the equation
above. If the homology between the probe and the target
fragment are not known, the simplest approach is to start with
both hybridization and wash conditions which are nonstrin-
gent. If non-specific bands or high background are observed
after autoradiography, the filter can be washed at high strin-
gency and reexposed. I[fthe time required for exposure makes
this approach impractical, several hybridization and/or wash-
ing stringencies should be tested in parallel.

Nucleic Acid Probe Assays

Methods such as PCR, branched DNA probe assays, or
blotting techniques utilizing nucleic acid probes according to
the invention can determine the presence of cDNA or mRNA.
A probe is said to “hybridize” with a sequence of the inven-
tion if' it can form a duplex or double stranded complex, which
is stable enough to be detected.

The nucleic acid probes will hybridize to the Neis serial
nucleotide sequences of the invention (including both sense
and antisense strands). Though many different nucleotide
sequences will encode the amino acid sequence, the native
Neis serial sequence is preferred because it is the actual
sequence present in cells. mRNA represents a coding
sequence and so a probe should be complementary to the
coding sequence; single-stranded cDNA is complementary to
mRNA, and so a cDNA probe should be complementary to
the non-coding sequence.

The probe sequence need not be identical to the Neisserial
sequence (or its complement)—some variation in the
sequence and length can lead to increased assay sensitivity if
the nucleic acid probe can form a duplex with target nucle-
otides, which can be detected. Also, the nucleic acid probe
can include additional nucleotides to stabilize the formed
duplex. Additional Neisserial sequence may also be helpful as
a label to detect the formed duplex. For example, a non-
complementary nucleotide sequence may be attached to the 5'
end of the probe, with the remainder of the probe sequence
being complementary to a Neisserial sequence. Alternatively,
non-complementary bases or longer sequences can be inter-
spersed into the probe, provided that the probe sequence has
sufficient complementarity with the a Neis serial sequence in
order to hybridize therewith and thereby form a duplex which
can be detected.

The exact length and sequence of the probe will depend on
the hybridization conditions, such as temperature, salt condi-
tion and the like. For example, for diagnostic applications,
depending on the complexity of the analyte sequence, the
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nucleic acid probe typically contains at least 10-20 nucle-
otides, preferably 15-25, and more preferably at least 30
nucleotides, although it may be shorter than this. Short prim-
ers generally require cooler temperatures to form sufficiently
stable hybrid complexes with the template.

Probes may be produced by synthetic procedures, such as
the triester method of Matteucci et al. [J. Am. Chem. Soc.
(1981) 103:3185], or according to Urdea et al. [Proc. Natl.
Acad. Sci. USA (1983) 80: 7461], or using commercially
available automated oligonucleotide synthesizers.

The chemical nature of the probe can be selected according
to preference. For certain applications, DNA or RNA are
appropriate. For other applications, modifications may be
incorporated eg. backbone modifications, such as phospho-
rothioates or methylphosphonates, can be used to increase in
vivo half-life, alter RNA affinity, increase nuclease resistance
etc. [eg. see Agrawal & lyer (1995) Curr Opin Biotechnol
6:12-19; Agrawal (1996) TIBTECH 14:376-387]; analogues
such as peptide nucleic acids may also be used [eg. see Corey
(1997) TIBTECH 15:224-229; Buchardt et al. (1993)
TIBTECH 11:384-386].

One example of a nucleotide hybridization assay is
described by Urdea et al. in international patent application
W092/02526 [see also U.S. Pat. No. 5,124,246].

Alternatively, the polymerase chain reaction (PCR) is
another well-known means for detecting small amounts of
target nucleic acids. The assay is described in: Mullis et al.
[Meth. Enzymol. (1987) 155: 335-350]; U.S. Pat. No. 4,683,
195; and U.S. Pat. No. 4,683,202. Two “primer” nucleotides
hybridize with the target nucleic acids and are used to prime
the reaction. The primers can comprise sequence that does not
hybridize to the sequence of the amplification target (or its
complement) to aid with duplex stability or, for example, to
incorporate a convenient restriction site. Typically, such
sequence will flank the desired Neisserial sequence.

A thermostable polymerase creates copies of target nucleic
acids from the primers using the original target nucleic acids
as atemplate. After a threshold amount of target nucleic acids
are generated by the polymerase, they can be detected by
more traditional methods, such as Southern blots. Whenusing
the Southern blot method, the labelled probe will hybridize to
the Neisserial sequence (or its complement).

Also, mRNA or cDNA can be detected by traditional blot-
ting techniques described in Sambrook et al [supra]. mRNA,
or cDNA generated from mRNA using a polymerase enzyme,
can be purified and separated using gel electrophoresis. The
nucleic acids on the gel are then blotted onto a solid support,
such as nitrocellulose. The solid support is exposed to a
labelled probe and then washed to remove any unhybridized
probe. Next, the duplexes containing the labeled probe are
detected. Typically, the probe is labelled with a radioactive
moiety.

EXAMPLES

The examples describe nucleic acid sequences which have
been identified in N. meningitidis, and N. gonorrhoeae along
with their respective and putative translation products. Not all
of the nucleic acid sequences are complete ie. they encode
less than the full-length wild-type protein.

The examples are generally in the following format:

a nucleotide sequence which has been identified in M.

meningitidis

the putative translation product of said N. meningitidis

sequence

a computer analysis of said translation product based on

database comparisons
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a corresponding nucleotide sequence identified from N.

gonorrhoeae

the putative translation product of said N. gonorrhoeae

sequence

a comparison of the percentage of identity between the

translation product of the N. meningitidis sequence and
the N. gonorrhoeae sequence

a description of the characteristics of the protein which

indicates that it might be suitably antigenic or immuno-
genic.

Sequence comparisons were performed at NCBI (ncbi.n-
Im.nih.gov) using the algorithms BLAST, BLAST2,
BLASTn, BLASTp, tBLASTn, BLASTx, & tBLASTx [eg.
see also Altschul et al. (1997) Gapped BLAST and PSI-
BLAST: a new generation of protein database search pro-
grams. Nucleic Acids Research 25:2289-3402]. Searches
were performed against the following databases: non-redun-
dant GenBank+EMBL+DDBJ+PDB sequences and non-re-
dundant GenBank CDS translations+PDB+Swis sProt+SP-
update+PIR sequences.

Dots within nucleotide sequences represent nucleotides
which have been arbitrarily introduced in order to maintain a
reading frame. In the same way, double-underlined nucle-
otides were removed. Lower case letters represent ambigu-
ities which arose during alignment of independent sequenc-
ing reactions (some of the nucleotide sequences in the
examples are derived from combining the results of two or
more experiments).

Nucleotide sequences were scanned in all six reading
frames to predict the presence of hydrophobic domains using
an algorithm based on the statistical studies of Esposti et al.
[Critical evaluation of the hydropathy of membrane proteins
(1990) Eur J Biochem 190:207-219]. These domains repre-
sent potential transmembrane regions or hydrophobic leader
sequences.

Open reading frames were predicted from fragmented
nucleotide sequences using the program ORFFINDER
(NCBD).

Underlined amino acid sequences indicate possible trans-
membrane domains or leader sequences in the ORFs, as pre-
dicted by the PSORT algorithm (psort.nibb.ac.jp). Functional
domains were also predicted using the MOTIFS program
(GCG Wisconsin & PROSITE).

For each of the following examples: based on the presence
of a putative leader sequence and/or several putative trans-
membrane domains (single-underlined) in the gonococcal
protein, it is predicted that the proteins from N. meningitidis
and N. gonorrhoeae, and their respective epitopes, could be
useful antigens or immunogenic compositions for vaccines or
diagnostics.

The standard techniques and procedures which may be
employed in order to perform the invention (e.g. to utilize the
disclosed sequences for vaccination or diagnostic purposes)
were summarized above. This summary is not a limitation on
the invention but, rather, gives examples that may be used, but
are not required.

In particular, the following methods were used to express,
purity and biochemically characterize the proteins of the
invention.

Chromosomal DNA Preparation

N. meningitidis strain 2996 was grown to exponential
phase in 100 ml of GC medium, harvested by centrifugation,
and resuspended in 5 ml buffer (20% Sucrose, S0 mM Tris-
HCI, 50 mM EDTA, pH 8.0). After 10 minutes incubation on
ice, the bacteria were lysed by adding 10 ml lysis solution (50
mM NaCl, 1% Na-SARKOSYL™, 50 ug/ml Proteinase K),
and the suspension was incubated at 37° C. for 2 hours. Two
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phenol extractions (equilibrated to pH 8) and one CHCIL,/
isoamylalcohol (24:1) extraction were performed. DNA was
precipitated by addition of 0.3M sodium acetate and 2 vol-
umes ethanol, and was collected by centrifugation. The pellet
was washed once with 70% ethanol and redissolved in 4.0 ml
TE bufter (10 mM Tris-HCI, 1 mM EDTA, pH 8). The DNA
concentration was measured by reading the OD at 260 nm.
Oligonucleotide Design

Synthetic oligonucleotide primers were designed on the
basis of the coding sequence of each ORF, using (a) the
meningococcus B sequence when available, or (b) the gono-
coccus/meningococcus A sequence, adapted to the codon
preference usage of meningococcus. Any predicted signal
peptides were omitted, by deducing the 5'-end amplification
primer sequence immediately downstream from the predicted
leader sequence.

For most ORFs, the 5' primers included two restriction
enzyme recognition sites (BamHI-Ndel, BamHI-Nhel,
EcoRI-Ndel or EcoRI-Nhel), depending on the restriction
pattern of the gene of interest. The 3' primers included a Xhol
or a HindlIII restriction site (table 1). This procedure was
established in order to direct the cloning of each amplification
product (corresponding to each ORF) into two different
expression systems: pGEX-KG (using either BamHI-Xhol,
BamHI-HindIIl, EcoRI-Xhol, or FEcoRI-HindIIl), and
pET21b+(using either Ndel-Xhol, Nhel-Xhol, Ndel-HindIII,
or Nhel-HindIII).

5'-end primer tail:

CGCGGATCCCATATG (BamHI-NdeI) (SEQ ID 3288)
CGCGGATCCGCTAGC (BamHI-NheI) (SEQ ID 3289)
CCGGAATTCTAGATATC (EcoRI-NdeI) (SEQ ID 3290)
CCGGAATTCTAGCTAGC (EcoRI-NheI) (SEQ ID 3291)
3'-end primer tail:

CCCGCTCGAG (XhoI) (SEQ ID 3292)
CCCGCTCGAG (HindIITI) (SEQ ID 3293)

For cloning ORFs into the pGEX-His Vector, the 5' and 3'
primers contained only one restriction enzyme site (EcoR],
Kpnl or Sall for the 5' primers and Pstl, Xbal, Sphl or Sall for
the 3' primers). Again restriction sites were chosen according
to the particular restriction pattern of the gene (table 1).

5'-end primer tail:

(AAA) AAAGAATTC (EcoRI) (SEQ ID 3294)
(AAA) AAAGGATCC (KpnI) (SEQ ID 3295)
3'-end primer tail:

(AAA) AAACTGCAG (PstI) (SEQ ID 3296)
(AAA) AAATCTAGA (XbalI) (SEQ ID 3297)
ARAAGCATGC (SphI) (SEQ ID 3298)
5' or 3'-end primer tail:

ARAAAAGAATCC (PstI) (SEQ ID 3299)

As well as containing the restriction enzyme recognition
sequences, the primers included nucleotides which hybrid-
ized to the sequence to be amplified. The melting temperature
depended on the number and type of hybridizing nucleotides
in the whole primer, and was determined for each primer
using the formulae:

T,=4G+O)+2(4+1) (tail excluded)

T,,=64.9+0.41(% GC)-600/N (whole primer)

The melting temperature of the selected oligonucleotides
were usually 65-70° C. for the whole oligo and 50-55° C. for
the hybridising region alone.
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Table 1 shows the forward and reverse primers used for
each amplification. In certain cases, the sequences of the
primer does not match exactly the sequence of the predicted
OREF. This is because when initial amplifications were per-
formed, the complete 5' and/or 3' sequences for some menin-
gococcal B ORFs were not be known. However, the corre-
sponding sequences had been identified in Gonococcus or in
Meningococcus A. Hence, when the Meningococcus B
sequence was incomplete or uncertain, Gonococcus or in
Meningococcus A sequences were used as the basis for the
primer design. These sequences were altered to take account
of codon preference. It can be appreciated that, once the
complete sequence is identified, this approach will no longer
be necessary.

Oligonucleotides were synthesized using a Perkin Elmer
394 DNA/RNA SYNTHESIZER™, eluted from the columns
in 2.0 ml NH,OH, and deprotected by 5 hours incubation at
56° C. The oligos were precipitated by addition of 0.3M
Na-Acetate and 2 volumes ethanol. The samples were centri-
fuged and the pellets resuspended in either 100 pl or 1.0 ml of
water. The OD,¢, was determined using a Perkin Elmer
LAMBDA BIO™ spectophotometer and the concentration
adjusted to 2-10 pmol/ul.

Amplification

The standard PCR protocol was as follows: 50-200 ng of
genomic DNA was used as a template in the presence 0f 20-40
uM of each oligonucleotide primer, 400-800 uM dNTPs solu-
tion, 1xPCR buffer (including 1.5 mM MgCl,), 2.5 units Taql
DNA polymerase (using Perkin-Elmer AMPLITAQ™,
GIBCO Platinum, Pwo DNA polymerase, or Tahara Shuzo
Taq polymerase). In some cases, PCR was optimised by the
addition of 10 ul of DMSO or 50 ul of 2M Betaine.

After a hot start (adding the polymerase during a prelimi-
nary 3 minute incubation of the whole mix at 95° C.), each
sample underwent a two-step amplification. The first 5 cycles
were performed using the hybridization temperature that
excluded the restriction enzyme tail of the primer (see above).
This was followed by 30 cycles using the hybridization tem-
perature calculated for the whole length oligos. The cycles
were followed by a final 10 minute extension step at 72° C.
The standard cycles were as follows:

Denaturation Hybridisation Elongation
First 5 cycles 30 seconds 30 seconds 30-60 seconds
95° C. 50-55° C. 72° C.
Last 30 cycles 30 seconds 30 seconds 30-60 seconds
95° C. 65-70° C. 72° C.

The elongation time varied according to the length of the
ORF to be amplified. Amplifications were performed using
either a 9600 or a 2400 Perkin Elmer GeneAmp PCR System.
To check the results, 1o of the amplification volume was
loaded onto a 1-1.5% (w/v) agarose gel and the size of each
amplified fragment compared with a DNA molecular weight
marker.

The amplified DNA was either loaded directly on a 1%
agarose gel or first precipitated with ethanol and resuspended
in a volume suitable to be loaded on a 1.0% agarose gel. The
DNA fragment corresponding to the band of the correct size
was purified using the Qiagen Gel Extraction Kit, following
the manufacturer’s protocol. DNA fragments were eluted in a
volume of 30 ul or 50 ul of either H,O or 10 mM Tris, pH 8.5.
Digestion of PCR Fragments

The purified DNA corresponding to the amplified fragment
was double-digested with the appropriate restriction enzymes
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for; cloning into pET-21b+ and expressing the protein as a
C-terminus His-tagged fusion, for cloning into pGEX-KG
and expressing the protein as a N-terminus GST-fusion, and
for cloning into pGEX-His and expressing the protein as a
N-terminus GST-his tagged fusion.

Each purified DNA fragment was incubated at 37° C. for 3
hours to overnight with 20 units of appropriate restriction
enzyme (New England Biolabs) in a either 30 or 40 pl in the
presence of suitable digestion buffer. Digested products were
purified using the QIAquick PCR purification kit (following
the manufacturer’s instructions) and eluted in a final volume
of'30 or 50 pl of either H20 or 10 mM Tris, pH 8.5. The DNA
concentration was determined by quantitative agarose gel
electrophoresis (1.0% gel) in the presence of a titrated
molecular weight marker.

Digestion of the Cloning Vectors (pET22B, pGEX-KG,
pTRC-His a, pET21b+, pGEX-KG, and pGEX-His)

The vector pGEX-His is a modified pGEX-2T vector car-
rying a region encoding six histidine residues upstream of the
thrombin cleavage site and containing the multiple cloning
site of the vector pTRC99 (Pharmacia). 10 pg plasmid was
double-digested with 50 units of each restriction enzyme in
200 pl reaction volume in the presence of appropriate buffer
by overnight incubation at 37° C. After loading the whole
digestion on a 1% agarose gel, the band corresponding to the
digested vector was purified from the gel using the Qiagen
QIAquick Gel Extraction Kit and the DNA was eluted in 50 pl
of 10 mM Tris-HCI, pH 8.5. The DNA concentration was
evaluated by measuring OD,, of the sample, and adjusted to
50 pg/ul. 1 Wl of plasmid was used for each cloning procedure.

10 ug plasmid was double-digested with 50 units of each
restriction enzyme in 200 reaction volume in the presence of
appropriate buffer by overnight incubation at 37° C. The
digest was loaded onto a 1% agarose gel and the band corre-
sponding to the digested vector purified using the Qiagen
QIAquick Gel Extraction Kit. DNA was eluted in 50 pl of 10
mM Tris-HCL, pH 8.5. The DNA concentration was evaluated
by measuring OD,, and the concentration adjusted to 50
pg/ul. 1 ul of plasmid was used for each cloning procedure.
Cloning

For some ORFs, the fragments corresponding to each ORF,
previously digested and purified, were ligated in both pET22b
and pGEX-KG. In a final volume of 20 pl, a molar ratio of 3:1
fragment/vector was ligated using 0.5 ul of NEB T4 DNA
ligase (400 units/pl), in the presence of the buffer supplied by
the manufacturer. The reaction was incubated at room tem-
perature for 3 hours. In some experiments, ligation was per-
formed using the Boheringer “Rapid Ligation Kit”, following
the manufacturer’s instructions.

In order to introduce the recombinant plasmid in a suitable
strain, 100 ul E. coli DHS competent cells were incubated
with the ligase reaction solution for 40 minutes on ice, then at
37°C.for 3 minutes, then, after adding 800 pl LB broth, again
at 37° C. for 20 minutes. The cells were then centrifuged at
maximum speed in an Eppendorf microfuge and resuspended
in approximately 200 pl of the supernatant. The suspension
was then plated on LB ampicillin (100 mg/ml).

The screening of the recombinant clones was performed by
growing 5 randomly-chosen colonies overnight at 37° C. in
either 2 ml (pGEX or pTC clones) or 5 ml (pET clones) LB
broth+100 pg/ml ampicillin. The cells were then pelletted and
the DNA extracted using the Qiagen QI Aprep Spin Miniprep
Kit, following the manufacturer’s instructions, to a final vol-
ume of 30 ul. 5 pl of each individual miniprep (approximately
1 g) were digested with either Ndel/Xhol or BamHI/Xholand
the whole digestion loaded onto a 1-1.5% agarose gel (de-
pending on the expected insert size), in parallel with the

10

15

20

25

30

35

40

45

50

55

60

65

42

molecular weight marker (1 Kb DNA Ladder, GIBCO). The
screening of the positive clones was made on the base of the
correct insert size.

For other ORFs, the fragments corresponding to each ORF,
previously digested and purified, were ligated in both
pET21b+ and pGEX-KG. A molar ratio of 3:1 fragment/
vector was used in a final volume of 20 pl, that included 0.5 ul
of T4 DNA ligase (400 units/pl, NEB) and ligation buffer
supplied by the manufacturer. The reaction was performed at
room temperature for 3 hours. In some experiments, ligation
was performed using the Boheringer “Rapid Ligation Kit”
and the manufacturer’s protocol.

Recombinant plasmid was transformed into 100 pl of com-
petent £. coli DHS or HB101 by incubating the ligase reaction
solution and bacteria for 40 minutes on ice then at 37° C. for
3 minutes. This was followed by addition of 800 pl LB broth
and incubation at 37° C. for 20 minutes. The cells were then
centrifuged at maximum speed in an Eppendorf microfuge,
resuspended in approximately 200 pl of the supernatant, and
plated on LB ampicillin (100 mg/ml) agar.

Screening for recombinant clones was performed by grow-
ing 5 randomly selected colonies overnight at 37° C. in either
2.0 ml (pGEX-KG clones) or 5.0 ml (pET clones) LB broth+
100 pg/ml ampicillin. Cells were pelleted and plasmid DNA
extracted using the Qiagen QIAprep Spin Miniprep Kit, fol-
lowing the manufacturer’s instructions. Approximately 1 ug
of'each individual miniprep was digested with the appropriate
restriction enzymes and the digest loaded onto a 1-1.5%
agarose gel (depending on the expected insert size), in paral-
lel with the molecular weight marker (1 kb DNA Ladder,
GIBCO). Positive clones were selected on the basis of the size
of the insert.

ORF's were cloned in PGEX-His, by doubly-digesting the
PC product and ligating into similarly digested vector. After
cloning, recombinant plasmids were transformed into the F.
coli host W3110. Individual clones were grown overnight at
37° C. in LB broth with 50 pg/ml ampicillin.

Certain ORFs may be cloned into the pGEX-HIS vector
using EcoRI-Pstl cloning sites, or EcoRI-Sall, or Sall-Pstl.
After cloning, the recombinant plasmids may be introduced
in the E. coli host W3110.

Expression

Each ORF cloned into the expression vector may then be
transformed into the strain suitable for expression of the
recombinant protein product. 1 ul of each construct was used
to transform 30 pl of E. coli BL.21 (pGEX vector), E. coli TOP
10 (pTRC vector) or E. coli BL21-DE3 (pET vector), as
described above. In the case of the pGEX-His vector, the
same E. coli strain (W3110) was used for initial cloning and
expression. Single recombinant colonies were inoculated into
2 ml LB+Amp (100 pg/ml), incubated at 37° C. overnight,
then diluted 1:30 in 20 ml of LB+Amp (100 ps/ml) in 100 ml
flasks, making sure that the ODg,, ranged between 0.1 and
0.15. The flasks were incubated at 30° C. into gyratory water
bath shakers until OD indicated exponential growth suitable
for induction of expression (0.4-0.8 OD for pET and pTRC
vectors; 0.8-10D for pGEX and pGEX-His vectors). For the
pET, pTRC and pGEX-His vectors, the protein expression
was induced by addiction of 1 mM IPTG, whereas in the case
of pGEX system the final concentration of IPTG was 0.2 mM.
After 3 hours incubation at 30° C., the final concentration of
the sample was checked by OD. In order to check expression,
1 ml of each sample was removed, centrifuged in a microfuge,
the pellet resuspended in PBS, and analysed by 12% SDS-
PAGE with Coomassie Blue staining. The whole sample was
centrifuged at 6000 g and the pellet resuspended in PBS for
further use.



US 9,266,929 B2

43

GST-Fusion Proteins Large-Scale Purification.

For some ORFs, a single colony was grown overnight at
37° C. on LB+Amp agar plate. The bacteria were inoculated
into 20 ml of LB+Amp liquid culture in a water bath shaker
and grown overnight. Bacteria were diluted 1:30 into 600 ml
of fresh medium and allowed to grow at the optimal tempera-
ture (20-37° C.) to ODs5, 0.8-1. Protein expression was
induced with 0.2 mM IPTG followed by three hours incuba-
tion. The culture was centrifuged at 8000 rpm at 4° C. The
supernatant was discarded and the bacterial pellet was resus-
pended in 7.5 ml cold PBS. The cells were disrupted by
sonication on ice for 30 sec at 40 W using a Branson sonifier
B-15, frozen and thawed two times and centrifuged again.
The supernatant was collected and mixed with 150 ul GLU-
TATHIONE-SEPHAROSE 4B™ resin (Pharmacia) (previ-
ously washed with PBS) and incubated at room temperature
for 30 minutes. The sample was centrifuged at 700 g for 5
minutes at 4 C. The resin was washed twice with 10 ml cold
PBS for 10 minutes, resuspended in 1 ml cold PBS, and
loaded on a disposable column. The resin was washed twice
with 2 ml cold PBS until the flow-through reached OD,, of
0.02-0.06. The GST-fusion protein was eluted by addition of
700 pl cold Glutathione elution buffer (10 mM reduced glu-
tathione, 50 mM Tris-HCI) and fractions collected until the
OD,5, was 0.1. 21 pl of each fraction were loaded on a 12%
SDS gel using either Biorad SDS-PAGE Molecular weight
standard broad range (M1) (200, 116.25, 97.4, 66.2, 45, 31,
21.5, 144, 6.5 kDa) or Amersham Rainbow Marker (M")
(220, 66, 46, 30, 21.5, 14.3 kDa) as standards. As the MW of
GST is 26 kDa, this value must be added to the MW of each
GST-fusion protein.

For other ORFs, for each clone to be purified as a GST-
fusion, a single colony was streaked out and grown overnight
at 37° C. on LB/Amp (100 pug/ml) agar plate. An isolated
colony from this plate was inoculated into 20 ml of LB/Amp
(100 pg/ml) liquid medium and grown overnight at 37° C.
with shaking. The overnight culture was diluted 1:30 into 600
ml of LB/Amp (100 pg/ml) liquid medium and allowed to
grow at the optimal temperature (20-37° C.) until the OD.,
reached 0.6-0.8. Recombinant protein expression was
induced by addition of IPTG (final concentration 0.2 mM)
and the culture incubated for a further 3 hours. The bacteria
were harvested by centrifugation at 8000xg for 15 min at 4°
C.

The bacterial pellet was resuspended in 7.5 ml cold PBS.
Cells were disrupted by sonication on ice for 30 sec at 40 W
using a Branson sonifier 450 and centrifuged at 13 000xg for
30 min at 4° C. The supernatant was collected and mixed with
15 pl GLUTATHIONE-SEPHAROSE 4B™ resin (Pharma-
cia), previously equilibrated with PBS, and incubated at room
temperature with gentle agitation for 30 min. The batch-wise
preparation was centrifuged at 700xg for 5 min at 4° C. and
the supernatant discarded. The resin was washed twice
(batchwise) with 10 ml cold PBS for 10 min, resuspended in
1 ml cold PBS, and loaded onto a disposable column. The
resin continued to be washed twice with cold PBS, until the
OD550,,m Of the flow-through reached 0.02-0.01. The GST-
fusion protein was eluted by addition of 700 pl cold glu-
tathione elution buffer (10 mM reduced glutathione, 50 mM
Tris-HC1pH 8.0) and fractions collected, until the OD,5,,,,, of
the eluate indicated all the recombinant protein was obtained.
20 ul aliquots of each elution fraction were analyzed by
SDS-PAGE using a 12% gel. The molecular mass of the
purified proteins was determined using either the Bio-Rad
broad range molecular weight standard (M1) (200, 116, 97 .4,
66.2,45.0,31.0, 21.5, 14.4, 6.5 kDa) or the Amersham Rain-
bow Marker (M2) (220, 66.2,46.0,30.0,21.5, 14.3 kDa). The
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molecular weights of GST-fusion proteins are a combination
of the 26 kDa GST protein and its fusion partner. Protein
concentrations were estimated using the Bradford assay.
His-Fusion Soluble Proteins Large-Scale Purification.

For some ORFs, a single colony was grown overnight at
37° C.ona LB+Amp agar plate. The bacteria were inoculated
into 20 ml of LB+Amp liquid culture and incubated overnight
in a water bath shaker. Bacteria were diluted 1:30 into 600 ml
fresh medium and allowed to grow at the optimal temperature
(20-37° C.)to ODs5, 0.6-0.8. Protein expression was induced
by addition of 1 mM IPTG and the culture further incubated
for three hours. The culture was centrifuged at 8000 rpm at 4°
C., the supernatant was discarded and the bacterial pellet was
resuspended in 7.5 ml cold 10 mM imidazole buffer (300 mM
NaCl, 50 mM phosphate buffer, 10 mM imidazole, pH 8). The
cells were disrupted by sonication on ice for 30 sec at 40 W
using a Branson sonifier B-15, frozen and thawed two times
and centrifuged again. The supernatant was collected and
mixed with 150 pl Ni**-resin (Pharmacia) (previously
washed with 10 mM imidazole buffer) and incubated at room
temperature with gentle agitation for 30 minutes. The sample
was centrifuged at 700 g for 5 minutes at 4° C. The resin was
washed twice with 10 ml cold 10 mM imidazole buffer for 10
minutes, resuspended in 1 ml cold 10 mM imidazole buffer
and loaded on a disposable column. The resin was washed at
4° C. with 2 ml cold 10 mM imidazole buffer until the flow-
through reached the OD,y, of 0.02-0.06. The resin was
washed with 2 ml cold 20 mM imidazole buffer (300 mM
NaCl, 50 mM phosphate buffer, 20 mM imidazole, pH 8) until
the flow-through reached the O.D,¢, of 0.02-0.06. The His-
fusion protein was eluted by addition of 700 pl cold 250 mM
imidazole buffer (300 mM NaCl, 50 mM phosphate buffer,
250 mM imidazole, pH 8) and fractions collected until the
0.D,¢, was 0.1. 21 pl of each fraction were loaded on a 12%
SDS gel.

His-Fusion Insoluble Proteins Large-Scale Purification.

A single colony was grown overnight at 37° C. on a
LB+Amp agar plate. The bacteria were inoculated into 20 ml
of LB+Amp liquid culture in a water bath shaker and grown
overnight. Bacteria were diluted 1:30 into 600 ml fresh
medium and let to grow at the optimal temperature (37° C.) to
0.Ds5, 0.6-0.8. Protein expression was induced by addition
of 1 mM IPTG and the culture further incubated for three
hours. The culture was centrifuged at 8000 rpm at 4° C. The
supernatant was discarded and the bacterial pellet was resus-
pended in 7.5 ml buffer B (urea 8M, 10 mM Tris-HCI, 100
mM phosphate bufter, pH 8.8). The cells were disrupted by
sonication on ice for 30 sec at 40 W using a Branson sonifier
B-15, frozen and thawed twice and centrifuged again. The
supernatant was stored at —=20° C., while the pellets were
resuspended in 2 ml guanidine buffer (6M guanidine hydro-
chloride, 100 mM phosphate buffer, 10 mM Tris-HCL, pH 7.5)
and treated in a homogenizer for 10 cycles. The product was
centrifuged at 13000 rpm for 40 minutes. The supernatant
was mixed with 15 pl Ni**-resin (Pharmacia) (previously
washed with buffer B) and incubated at room temperature
with gentle agitation for 30 minutes. The sample was centri-
fuged at 700 g for 5 minutes at 4° C. The resin was washed
twice with 10 ml buffer B for 10 minutes, resuspended in 1 ml
buffer B, and loaded on a disposable column. The resin was
washed at room temperature with 2 ml buffer B until the
flow-through reached the OD, 4, 0f 0.02-0.06. The resin was
washed with 2 ml buffer C (urea 8M, 10 mM Tris-HCI, 100
mM phosphate buffer, pH 6.3) until the flow-through reached
the O.D, g, 0£0.02-0.06. The His-fusion protein was eluted by
addition of 700 pl elution buffer (urea 8M, 10 mM Tris-HCl,
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100 mM phosphate buffer, pH 4.5) and fractions collected
until the OD, 4, was 0.1. 21 ul of each fraction were loaded on
a 12% SDS gel.
Purification of His-Fusion Proteins.

For each clone to be purified as a His-fusion, a single
colony was streaked out and grown overnight at 37° C. on
LB/Amp (100 pug/ml) agar plate. An isolated colony from this
plate was inoculated into 20 ml of LB/Amp (100 pg/ml) liquid
medium and grown overnight at 37° C. with shaking. The
overnight culture was diluted 1:30 into 600 ml of LB/Amp
(100 pg/ml) liquid medium and allowed to grow at the optimal
temperature (20-37° C.) until the ODs, reached 0.6-0.8.
Expression of recombinant protein was induced by addition
of IPTG (final concentration 1.0 mM) and the culture incu-
bated for a further 3 hours. The bacteria were harvested by
centrifugation at 8000xg for 15 min at 4° C.

The bacterial pellet was resuspended in 7.5 ml either (i)
cold buffer A (300 mM NaCl, 50 mM phosphate buffer, 10
mM imidazole, pH 8.0) for soluble proteins or (ii) buffer B
(8M urea, 10 mM TrisHCI, 100 mM phosphate buffer, pH 8.8)
for insoluble proteins. Cells were disrupted by sonication on
ice four times for 30 sec at 40 W using a Branson sonifier 450
and centrifuged at 13 000xg for 30 min at 4° C. For insoluble
proteins, pellets were resuspended in 2.0 ml buffer C (6M
guanidine hydrochloride, 100 mM phosphate buffer, 10 mM
Tris-HCl, pH 7.5) and treated with a Dounce homogenizer for
10 cycles. The homogenate was centrifuged at 13 000xg for
40 min and the supernatant retained.

Supernatants for both soluble and insoluble preparations
were mixed with 15 pl Ni**-resin (previously equilibrated
with either buffer A or buffer B, as appropriate) and incubated
at room temperature with gentle agitation for 30 min. The
resin was CHELATING SEPHAROSE FAST FLOW™
(Pharmacia), prepared according to the manufacturers proto-
col. The batch-wise preparation was centrifuged at 700xg for
5 min at 4° C. and the supernatant discarded. The resin was
washed twice (batch-wise) with 10 ml buffer A or B for 10
min, resuspended in 1.0 ml buffer A or B and loaded onto a
disposable column. The resin continued to be washed with
either (i) buffer A at 4° C. or (ii) buffer B at room temperature,
the OD,,,,,,,, of the flow-through reached 0.02-0.01. The resin
was further washed with either (i) cold buffer C (300 mM
NaCl, 50 mM phosphate buffer, 20 mM imidazole, pH 8.0) or
(i1) buffer D (8M urea, 10 mM Tris-HCI, 100 mM phosphate
buffer, pH 6.3) until the OD,4,,,,,, of the flow-through reached
0.02-0.01. The His-fusion protein was eluted by addition of
700 wl of either (1) cold elution buffer A (300 mM NaCl, 50
mM phosphate bufter, 250 mM imidazole, pH 8.0) or (ii)
elution buffer B (8 M urea, 10 mM Tris-HCl, 100 mM phos-
phate buffer, pH 4.5) and fractions collected until the
0.D,50,,, indicated all the recombinant protein was obtained.
20 ul aliquots of each elution fraction were analyzed by
SDS-PAGE using a 12% gel. Protein concentrations were
estimated using the Bradford assay.

His-Fusion Proteins Renaturation

In the cases where denaturation was required to solubilize
proteins, a renaturation step was employed prior to immuni-
zation. Glycerol was added to the denatured fractions
obtained above to a final concentration of 10% (v/v). The
proteins were then diluted to 200 pg/ml using dialysis buffer
1 (10% (v/v) glycerol, 0.5M arginine, 50 mM phosphate
buffer, 5 mM reduced glutathione, 0.5 mM oxidised glu-
tathione, 2M urea, pH 8.8) and dialysed against the same
buffer for 12-14 hours at 4° C. Further dialysis was performed
with buffer II (10% (v/v) glycerol, 0.5M arginine, 50 mM
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phosphate buffer, 50 mM reduced glutathione, 5.0 mM oxi-
dised glutathione, pH 8.8) for 12-14 hours at 4° C.

Alternatively, 10% glycerol was added to the denatured
proteins. The proteins were then diluted to 20 pg/ml using
dialysis buffer I (10% glycerol, 0.5M arginine, 50 mM phos-
phate buffer, 5 mM reduced glutathione, 0.5 mM oxidised
glutathione, 2M urea, pH 8.8) and dialysed against the same
buffer at 4° C. for 12-14 hours. The protein was further
dialysed against dialysis buffer II (10% glycerol, 0.5M argi-
nine, 50 mM phosphate buffer, 5 mM reduced glutathione, 0.5
mM oxidised glutathione, pH 8.8) for 12-14 hours at 4° C.

Protein concentration was evaluated using the formula:

Protein (mg/ml)=(1.55x0D5g0)—(0.76xOD,4,)

Purification of Proteins

To analyse the solubility, pellets obtained from 3.0 ml
cultures were resuspended in 500 pl buffer M1 (PBS pH 7.2).
25 wl of lysozyme (10 mg/ml) was added and the bacteria
incubated for 15 min at 4° C. Cells were disrupted by soni-
cation on ice four times for 30 sec at 40 W using a Branson
sonifier 450 and centrifuged at 13 000xg for 30 min at 4° C.
The supernatant was collected and the pellet resuspended in
buffer M2 [8M urea, 0.5M NaCl, 20 mM imidazole and 0.1 M
NaH,PO,] and incubated for 3 to 4 hours at 4° C. After
centrifugation, the supernatant was collected and the pellet
resuspended in buffer M3 [6M guanidinium-HCl, 0.5M
NaCl, 20 mM imidazole and 0.1 M NaH,PO,] overnight at 4°
C. The supernatants from all steps were analysed by SDS-
PAGE. Some proteins were found to be soluble in PBS, others
needed urea or guanidinium-HCI for solubilization.

For preparative scale purification, S00 ml cultures were
induced and fusion proteins solubilized in either buffer M1,
M2, or M3 using the procedure described above. Crude
extracts were loaded onto a Ni-NTA superflow column
(Qiagen) equilibrated with buffer M1, M2, or M3 depending
on the solubilization buffer employed. Unbound material was
eluted with the corresponding buffer containing 500 mM
imidazole then dialysed against the same buffer in the
absence of imidazole.

Mice Immunisations

20 g of each purified protein are used to immunise mice
intraperitoneally. In the case of some ORFs, Balb-C mice
were immunised with A1(OH); as adjuvant on days 1, 21 and
42, and immune response was monitored in samples taken on
day 56. For other ORFs, CD1 mice could be immunised using
the same protocol. For ORFs 25 and 40, CD1 mice were
immunised using Freund’s adjuvant, and the same immuni-
sation protocol was used, except that the immune response
was measured on day 42, rather than 56. Similarly, for still
other ORFs, CD1 mice were immunised with Freund’s adju-
vant, but the immune response was measured on day 49.
Alternatively, 20 ng of each purified protein was mixed with
Freund’s adjuvant and used to immunize CD1 mice intrap-
eritoneally. For many of the proteins, the immunization was
performed on days 1, 21 and 35, and immune response was
monitored in samples taken on days 34 and 49. For some
proteins, the third immunization was performed on day 28,
rather than 35, and immune response was measured on days
20 and 42, rather than 34 and 49.
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ELISA Assay (Sera Analysis)

The acapsulated MenB M7 strain was plated on chocolate
agar plates and incubated overnight at 37° C. Bacterial colo-
nies were collected from the agar plates using a sterile dracon
swab and inoculated into 7 ml of Mueller-Hinton Broth
(Difco) containing 0.25% Glucose. Bacterial growth was
monitored every 30 minutes by following ODy,,. The bacte-
ria were let to grow until the OD reached the value of 0.3-0.4.
The culture was centrifuged for 10 minutes at 10000 rpm. The
supernatant was discarded and bacteria were washed once
with PBS, resuspended in PBS containing 0.025% formalde-
hyde, and incubated for 2 hours at room temperature and then
overnight at 4° C. with stirring. 100 pul bacterial cells were
added to each well of a 96 well Greiner plate and incubated
overnight at 4° C. The wells were then washed three times
with PBT washing bufter (0.1% TWEEN-20™ in PBS). 200
ul of saturation buffer (2.7% Polyvinylpyrrolidone 10 in
water) was added to each well and the plates incubated for 2
hours at 37° C. Wells were washed three times with PBT. 200
ul of diluted sera (Dilution buffer: 1% BSA, 0.1% TWEEN-
20™, 0.1% NaN, in PBS) were added to each well and the
plates incubated for 90 minutes at 37° C. Wells were washed
three times with PBT. 100 ul of HRP-conjugated rabbit anti-
mouse (Dako) serum diluted 1:2000 in dilution buffer were
added to each well and the plates were incubated for 90
minutes at 37° C. Wells were washed three times with PBT
buffer. 100 pl of substrate buffer for HRP (25 ml of citrate
buffer pHS, 10 mg of O-phenildiamine and 10 pl of H,O)
were added to each well and the plates were left at room
temperature for 20 minutes. 100 ul H,SO, was added to each
well and OD,,, was followed. The ELISA was considered
positive when OD490 was 2.5 times the respective pre-im-
mune sera.

Alternatively, The acapsulated MenB M7 strain was plated
on chocolate agar plates and incubated overnight at 37° C.
Bacterial colonies were collected from the agar plates using a
sterile dracon swab and inoculated into Mueller-Hinton Broth
(Difco) containing 0.25% Glucose. Bacterial growth was
monitored every 30 minutes by following ODg,,. The bacte-
ria were let to grow until the OD reached the value of 0.3-0.4.
The culture was centrifuged for 10 minutes at 10 000 rpm.
The supernatant was discarded and bacteria were washed
once with PBS, resuspended in PBS containing 0.025% form-
aldehyde, and incubated for 1 hour at 37° C. and then over-
night at 4° C. with stirring. 100 ul bacterial cells were added
to each well of a 96 well Greiner plate and incubated over-
night at 4° C. The wells were then washed three times with
PBT washing buffer (0.1% TWEEN-20™ in PBS). 200 ul of
saturation buffer (2.7% Polyvinylpyrrolidone 10 in water)
was added to each well and the plates incubated for 2 hours at
37° C. Wells were washed three times with PBT. 200 pl of
diluted sera (Dilution buffer: 1% BSA, 0.1% TWEEN-20™,
0.1% NaNj; in PBS) were added to each well and the plates
incubated for 2 hours at 37° C. Wells were washed three times
with PBT. 100 pl of HRP-conjugated rabbit anti-mouse
(Dako) serum diluted 1:2000 in dilution bufter were added to
each well and the plates were incubated for 90 minutes at 37°
C. Wells were washed three times with PBT buffer. 100 ul of
substrate buffer for HRP (25 ml of citrate buffer pHS, 10 mg
of O-phenildiamine and 10 pl of H,0,) were added to each
well and the plates were left at room temperature for 20
minutes. 100 ul H,SO, was added to each well and OD,,,, was
followed. The ELISA titers were calculated arbitrarily as the
dilution of sera which gave an OD,q, value of 0.4 above the
level of preimmune sera. The ELISA was considered positive
when the dilution of sera with OD 5, of 0.4 was higher than
1:400.
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FACScan Bacteria Binding Assay Procedure.

The acapsulated MenB M7 strain was plated on chocolate
agar plates and incubated overnight at 37° C. Bacterial colo-
nies were collected from the agar plates using a sterile dracon
swab and inoculated into 4 tubes containing 8 ml each Muel-
ler-Hinton Broth (Difco) containing 0.25% glucose. Bacterial
growth was monitored every 30 minutes by following ODg,.
The bacteria were let to grow until the OD reached the value
of 0.35-0.5. The culture was centrifuged for 10 minutes at
4000 rpm. The supernatant was discarded and the pellet was
resuspended in blocking buffer (1% BSA, 0.4% NaN,) and
centrifuged for 5 minutes at 4000 rpm. Cells were resus-
pended in blocking buffer to reach ODy,, of 0.07. 100 pl
bacterial cells were added to each well of a Costar 96 well
plate. 100 pl of diluted (1:200) sera (in blocking buffer) were
added to each well and plates incubated for 2 hours at 4° C.
Cells were centrifuged for 5 minutes at 4000 rpm, the super-
natant aspirated and cells washed by addition of 200 pl/well
of blocking buffer in each well. 100 pl of R-Phicoerytrin
conjugated F(ab), goat anti-mouse, diluted 1:100, was added
to each well and plates incubated for 1 hourat 4° C. Cells were
spun down by centrifugation at 4000 rpm for 5 minutes and
washed by addition of 200 pl/well of blocking buffer. The
supernatant was aspirated and cells resuspended in 200
ul/well of PBS, 0.25% formaldehyde. Samples were trans-
ferred to FACScan tubes and read. The condition for FACS-
can setting were: FL1 on, FL.2 and FL3 off; FSC-H Treshold:
92; FSC PMT Voltage: E 02; SSC PMT: 474; Amp. Gains 7.1;
FL-2 PMT: 539. Compensation values: 0.

OMYV Preparations

Bacteria were grown overnight on 5 GC plates, harvested
with a loop and resuspended in 10 ml 20 mM Tris-HCI. Heat
inactivation was performed at 56° C. for 30 minutes and the
bacteria disrupted by sonication for 10' on ice (50% duty
cycle, 50% output). Unbroken cells were removed by cen-
trifugation at 5000 g for 10 minutes and the total cell envelope
fraction recovered by centrifugation at 50000 g at 4° C. for 75
minutes. To extract cytoplasmic membrane proteins from the
crude outer membranes, the whole fraction was resuspended
in 2% sarkosyl (Sigma) and incubated at room temperature
for 20 minutes. The suspension was centrifuged at 10000 g for
10 minutes to remove aggregates, and the supernatant further
ultracentrifuged at 50000 g for 75 minutes to pellet the outer
membranes. The outer membranes were resuspended in 10
mM Tris-HCI, pHS8 and the protein concentration measured
by the Bio-Rad Protein assay, using BSA as a standard.
Whole Extracts Preparation

Bacteria were grown overnight on a GC plate, harvested
with a loop and resuspended in 1 ml of 20 mM Tris-HCI. Heat
inactivation was performed at 56° C. for 30' minutes.
Western Blotting

Purified proteins (500 ng/lane), outer membrane vesicles
(51 pg) and total cell extracts (25 pg) derived from MenB
strain 2996 were loaded onto a 12% SDS-polyacrylamide gel
and transferred to a nitrocellulose membrane. The transfer
was performed for 2 hours at 150 mA at 4° C., using transfer
buffer (0.3% Tris base, 1.44% glycine, 20% (v/v) methanol).
The membrane was saturated by overnight incubation at 4° C.
in saturation buffer (10% skimmed milk, 0.1% TRITON
X100™ in PBS). The membrane was washed twice with
washing buffer (3% skimmed milk, 0.1% TRITON X100™
in PBS) and incubated for 2 hours at 37° C. with mice sera
diluted 1:200 in washing buffer. The membrane was washed
twice and incubated for 90 minutes with a 1:2000 dilution of
horseradish peroxidase labeled anti-mouse Ig. The mem-
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brane was washed twice with 0.1% TRITON X100™ in PBS
and developed with the OPTI-4CN SUBSTRATE KIT™
(Bio-Rad). The reaction was stopped by adding water.
Bactericidal Assay

MCS58 and 2996 strains were grown overnight at 37° C. on
chocolate agar plates. 5-7 colonies were collected and used to
inoculate 7 ml Mueller-Hinton broth. The suspension was
incubated at 37° C. on a nutator and let to grow until ODy,,
was in between 0.5-0.8. The culture was aliquoted into sterile
1.5 ml Eppendorf tubes and centrifuged for 20 minutes at
maximum speed in a microfuge. The pellet was washed once
in Gey’s buffer (Gibco) and resuspended in the same buffer to
an ODg,, 01 0.5, diluted 1:20000 in Gey’s buffer and stored at
25°C.

50 wl of Gey’s buffer/1% BSA was added to each well of a
96-well tissue culture plate. 25 pl of diluted (1:100) mice sera
(dilution buffer: Gey’s buffer/0.2% BSA) were added to each
well and the plate incubated at 4° C. 25 pl of the previously
described bacterial suspension were added to each well. 25 pl
ofeither heat-inactivated (56° C. waterbath for 30 minutes) or
normal baby rabbit complement were added to each well.
Immediately after the addition of the baby rabbit comple-
ment, 22 ul of each sample/well were plated on Mueller-
Hinton agar plates (time 0). The 96-well plate was incubated
for 1 hour at 37° C. with rotation and then 22 ul of each
sample/well were plated on Mueller-Hinton agar plates (time
1). After overnight incubation the colonies corresponding to
time 0 and time 1 h were counted.

Gene Variability

The ORF4 and 919 genes were amplified by PCR on chro-
mosomal DNA extracted from various Neisseria strains (see
list of strains). The following oligonucleotides used as PCR
primers were designed in the upstream and downstream
regions of the genes:

orf 4.1 (forward)

(SEQ ID NO: 3266)
CGAATCCGGACGGCAGGACTC
orf 4.3 (reverse)

(SEQ ID NO: 3267)
GGCAGGGAATGGCGGATTAAAG
919.1 (forward)

(SEQ ID NO: 3268)
AAAATGCCTCTCCACGGCTG
or

(SEQ ID NO: 3269)
CTGCGCCCTGTGTTAAAATCCCCT
919.6 (reverse)

(SEQ ID NO: 3270)
CAAATAAGAAAGGAATTTTG
or

(SEQ ID NO: 3271)

GGTATCGCAAAACTTCGCCTTAATGCG

The PCR cycling conditions were:

1cycle 2 min. at 94°

30cycles 30 sec. at 94°
30 sec. at ~ 54° or ~ 60° (in according to Tm of the primers)

40 sec. at 72°

1cycle 7 min. at 72°
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The PCR products were purified from 1% agarose gel and
sequenced using the following primers:

orf 4.1 (forward)

(SEQ ID NO: 3272)
CGAATCCGGACGGCAGGACTC
orf 4.2 (forward)

(SEQ ID NO: 3273)
CGACCGCGCCTTTGGGACTG
orf 4.3 (reverse)

(SEQ ID NO: 3274)
GGCAGGGAATGGCGGATTAAAG
orf 4.4 (reverse)

(SEQ ID NO: 3275)
TCTTTGAGTTTGATCCAACC
919.1 (forward)

(SEQ ID NO: 3276)
AAAATGCCTCTCCACGGCTG
or

(SEQ ID NO: 3277)
CTGCGCCCTGTGTTAAAATCCCCT
919.2 (forward)

(SEQ ID NO: 3278)
ATCCTTCCGCCTCGGCTGCG
919.3 (forward)

(SEQ ID NO: 3279)
AAAACAGCGGCACAATCGAC
919.4 (forward)

(SEQ ID NO: 3280)
ATAAGGGCTACCTCAAACTC
919.5 (forward)

(SEQ ID NO: 3281)
GCGCGTGGATTATTTTTGGG
919.6 (reverse)

(SEQ ID NO: 3282)
CAAATAAGAAAGGAATTTTG
or

(SEQ ID NO: 3283)
GGTATCGCAAAACTTCGCCTTAATGCG
919.7 (reverse)

(SEQ ID NO: 3284)
CCCAAGGTAATGTAGTGCCG
919.8 (reverse)

(SEQ ID NO: 3285)
TAAAAAAAAGTTCGACAGGG
919.9 (reverse)

(SEQ ID NO: 3286)
CCGTCCGCCTGTCGTCGCCC
919.10 (reverse)

(SEQ ID NO: 3287)
TCGTTCCGGCGGGGTCGGGG

All documents cited herein are incorporated by reference
in their entireties.

The following Examples are presented to illustrate, not
limit, the invention.

Example 1
Using the above-described procedures, the following oli-

gonucleotide primers were employed in the polymerase chain
reaction (PCR) assay in order to clone the ORFs as indicated:
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TABLE 1

52

Oligonucleotides used for PCR for Examples 2-10

ORFPrimer Sequence Restriction sites
279Forward CGCGGATCCCATATG-TTGCCTGCAATCACGATT BamHI-Ndel
<SEQ ID 3021>
Reverse CCCGCTCGAG-TTTAGAAGCGGGCGGCAA <SEQ XhoI
ID 3022>
519Forward CGCGGATCCCATATG-TTCAAATCCTTTGTCGTCA BamHI-Ndel
<SEQ ID 3023>
Reverse CCCGCTCGAG-TTTGGCGGTTTTGCTGC <SEQ ID Xhol
3024>
576 Forward CGCGGATCCCATATG-GCCGCCCCCGCATCT BamHI-Ndel
<SEQ ID 3025>
Reverse CCCGCTCGAG-ATTTACTTTTTTGATGTCGAC XhoI
<SEQ ID 3026>
919Forward CGCGGATCCCATATG-TGCCAAAGCAAGAGCATC BamHI-Ndel
<SEQ ID 3027>
Reverse CCCGCTCGAG-CGGGCGGTATTCGGG <SEQ ID XhoI
3028>
121Forward CGCGGATCCCATATG-GAAACACAGCTTTACAT BamHI-Ndel
<SEQ ID 3029>
Reverse CCCGCTCGAG-ATAATAATATCCCGCGCCC <SEQ XhoI
ID 3030>
128Forward CGCGGATCCCATATG-ACTGACAACGCACT <SEQ BamHI-Ndel
ID 3031>
Reverse CCCGCTCGAG-GACCGCGTTGTCGAAA <SEQ ID XhoI
3032>
206 Forward CGCGGATCCCATATG-AAACACCGCCAACCGA BamHI-Ndel
<SEQ ID 3033>
Reverse CCCGCTCGAG-TTCTGTAAAAAAAGTATGTGC XhoI
<SEQ ID 3034:>
287Forward CCGGAATTCTAGCTAGC-CTTTCAGCCTGCGGG EcoRI-Nhel
<SEQ ID 3035>
Reverse CCCGCTCGAG-ATCCTGCTCTTTTTTGCC <SEQ ID Xhol
3036>
406 Forward CGCGGATCCCATATG-TGCGGGACACTGACAG BamHI-Ndel
<SEQ ID 3037>
Reverse CCCGCTCGAG-AGGTTGTCCTTGTCTATG <SEQ XhoI

ID 3038>

Localization of the ORFs

The following DNA and amino acid sequences are identi-
fied by titles of the following form: [g, m, or a] [#].[seq or
pep], where “g” means a sequence from N. gonorrhoeae, “m”
means a sequence from N. meningitidis B, and “a” means a
sequence from N. meningitidis A; “#” means the number of
the sequence; “seq” means a DNA sequence, and “pep”
means an amino acid sequence. For example, “g001.seq”
refers to an N. gonorrhoeae DNA sequence, number 1. The
presence of the suffix “~1” to these sequences indicates an
additional sequence found for the same ORF, thus, data for an
ORF having both an unsuffixed and a suffixed sequence des-
ignation applies to both such designated sequences. Further,
open reading frames are identified as ORF #, where “#”
means the number of the ORF, corresponding to the number
of the sequence which encodes the ORF, and the ORF desig-

m279 .seq
1

51

101

50

55

nations may be suffixed with “.ng” or “.a”, indicating that the
OREF corresponds to a N. gonorrhoeae sequence or a N. men-
ingitidis A sequence, respectively. The word “partial” before
a sequence indicates that the sequence may be partial or a
complete ORF. Computer analysis was performed for the
comparisons that follow between “g”, “m”, and “a” peptide
sequences; and therein the “pep” suffix is implied where not
expressly stated. Further, in the event of a conflict between the
text immediately preceding and describing which sequences
are being compared, and the designated sequences being
compared, the designated sequence controls and is the actual
sequence being compared

ORF: contig:

279 gnm4.seq

The following partial DNA sequence was identified in N.
meningitidis <SEQ 1D 3039>:

ATAACGCGGA TTTGCGGCTG CTTGATTTCA ACGGTTTTCA GGGCTTCGGC

AAGTTTGTCG GCGGCGGGTT TCATCAGGCT GCAATGGGAA GGTACGGACA

CGGGCAGCGG CAGGGCGCGT TTGGCACCGG CTTCTTTGGC GGCAGCCATG
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-continued
151 GCGCGTCCGA CGGCGGCGGC GTTGCCTGCA ATCACGATTT GTCCGGGTGA

201 GTTGAAGTTG ACGGCTTCGA CCACTTCGCT TTGGGCGGCT TCGGCACAAA
251 TGGCTTTAAC CTGCTCATCT TCCAAGCCGA GAATCGCCGC CATTGCGCCC
301 ACGCCTTGCG GTACGGCGGA CTGCATCAGT TCGGCGCGCA GGCGCACGAG
351 TTTGACCGCG TCGGCAAAAT TCAATGCGCC GGCGGCAACG AGTGCGGTGT
401 ATTCGCCGAG GCTGTGTCCG GCAACGGCGG CAGGCGTTTT GCCGCCCGCT

451 TCTAAATAG

This corresponds to the amino acid sequence <SEQ 1D 3040;
ORF 279>

m279 .pep
1 ITRICGCLIS TVFRASASLS AAGFIRLOWE GTDTGSGRAR LAPASLAAAM

51 ARPTAAALPA ITICPGELKL TASTTSLWAA SAQMALTCSS SKPRIAAIAP
101 TPCGTADCIS SARRRTSLTA SAKFNAPAAT SAVYSPRLCP ATAAGVLPPA

151 SK*

The following partial DNA sequence was identified in N. 2

gonorrhoeae<SEQ 1D 3041>:

g279.seq
1 atgacgcgga tttgeggetg cttgatttca acggttttga gtgtttcegge

51 aagtttgtcg gecggegggtt tcatcaggct gcaatgggaa ggaacggata
101 ccggcagegg cagggegedgt ttggeteegg cttetttgge ggcagecatg
151 gtgegtecega cggeggegge gttgectgca atcacgactt gtecgggega
201 gttgaagttg acggcttega ccacttegec ctgtgeggat tceggcacaaa
251 tctgectgac ctgttcatcect tccaaaccca aaatggccgce cattgegect
301 acgeettgeg gtacggegga ctgcatcagt teggegegea ggcggacgag
351 tttgacggca tecggcaaaat ccaatgette ggeggegaca agegeggtgt
401 attcgeegag getgtgtecg gecaacggegg caggegtttt gecgeccact

451 tccaaatag

This corresponds to the amino acid sequence <SEQ 1D 3042;
ORF 279.ng>:

g279.pep
1 MTRICGCLIS TVLSVSASLS AAGFIRLOWE GTDTGSGRAR LAPASLAAAM

51 VRPTAAALPA ITTCPGELKL TASTTSPCAD SAQICLTCSS SKPKMAAIAP
101 TPCGTADCIS SARRRTSLTA SAKSNASAAT SAVYSPRLCP ATAAGVLPPT

151 SK*

ORF 279 shows 89.5% identity over a 152 aa overlap with a
predicted ORF (ORF 279.ng) from N. gonorrhoeae:

10 20 30 40 50 60

m279 .pep ITRICGCLISTVFRASASLSAAGFIRLOWEGTDTGSGRARLAPASLAAAMARPTAAALPA
s nnnnnInInEnImnn

g279 MTRICGCLISTVLSVSASLSAAGFIRLQWEGTDTGSGRARLAPASLAAAMVRPTAAALPA
10 20 30 40 50 60

54
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70 80 90 100 110 120
m279.pep ITICPGELKLTASTTSLWAASAQMALTCSSSKPRIAAIAPTPCGTADCISSARRRTSLTA
CUPPELEEEEEE s FEEE s PR PR
g279 ITTCPGELKLTASTTS PCADSAQI CLTCSS SKPKMAAI APTPCGTADCISSARRRTSLTA
70 80 90 100 110 120
130 140 150

m279.pep SAKFNAPAATSAVYSPRLCPATAAGVLPPASKX

CEE T FEREEEE LT 111

g279 SAKSNASAATSAVYSPRLCPATAAGVLPPTSKX

130 140 150

The following partial DNA sequence was identified in N.
meningitidis <SEQ ID 3043>:

az279.seq

1 ATGACNCNGA TTTGCGGCTG CTTGATTTCA ACGGTTTNNA

51 GAGTTTGTCG GCGGCGGGTT TCATGAGGCT GCAATGGGAA
101 CNGGCAGCGG CAGGGCGCGT TTGGCGCCGG CTTCTTTGGC
151 GCGCGCTCGA CGGCGGCGGC ATTGCCTGCA ATCACGACTT
201 GTTGAAGTTG ACGGCTTCAA CCACTTCATC CTGTGCGGAT
251 TTTGTTTTAC CTGTTCATCT TCCAAGCCGA GAATCGCCGC
301 ACGCCTTGCG GTACGGCGGA CTGCATCAGT TCGGCGCGCA
351 TTTGACCGCG TCGGCAAAAT CCAATGCGCC GGCGGCAACN
401 ATTCGCCGAN GCTGTGTCCG GCAACGGCGG CAGGCGTTTT

451 TCCGAATAG

This corresponds to the amino acid sequence <SEQ 1D 3044;
ORF 279.a>:

a279 .pep
1 MTXICGCLIS TVXRASASLS AAGFMRLOWE GTDTGSGRAR

GGGCTTCGGC

GGTACNGACA

GGCAAGCATA

GTCCGGGCGA

TCGGCGCAAA

CATTGCGCCC

NGCGCACGAG

AGTGCGGTGT

GCCGCCCGCT

LAPASLAAST

51 ARSTAAALPA ITTCPGELKL TASTTSSCAD SAQICFTCSS
101 TPCGTADCIS SARXRTSLTA SAKSNAPAAT SAVYSPXLCP

151 SE*

m279/a279 ORFs 279 and 279.a showed a 88.2% identity in
152 aa overlap

10 20 30

SKPRIAAIAP

ATAAGVLPPA

45

40

m279 .pep

az279

m279 .pep

az279

m279 .pep

az279

ITRICGCLISTVFRASASLSAAGFIRLOWEGTDTGSGRARLAPASLAAAMARPTAAALPA
RN InnEIRInn
MTXICGCLISTVXRASASLSAAGFMRLOQWEGTDTGSGRARLAPASLAASIARSTAAALPA

10 20 30 40 50 60

70 80 90 100 110 120
ITICPGELKLTASTTSLWAASAQMALTCSSSKPRIAATAPTPCGTADCISSARRRTSLTA
NN
ITTCPGELKLTASTTSSCADCAQICFTCSSSKPRIAATAPTPCGTADCISSARXRTSLTA

70 80 90 100 110 120

130 140 150
SAKFNAPAATSAVYSPRLCPATAAGVLPPASKX

SAKSNAPAATSAVYSPXLCPATAAGVLPPASEX
130 140 150

519 and 519-1 gnm7.seq
The following partial DNA sequence was identified in N.
meningitidis <SEQ ID 3045>:

56



m519 .seq
1

51
101
151
201
251
301
351
401
451
501

551

(partial)

57

.. TCCGTTATCG GGCGTATGGA

AATCAACAGT ACTGTTGTTG

GTGTGAAGGT TTTGCGTTAT

ATCCTTCGCT CAATGCAGGC

CCGTATCGCC GAATCCGAAG

GTGGTCAGCG CGAAGCCGAA

GCGGTCAATG CGTCAAATGC

AGGTGAAGCG GAATCCTTGC

TCCGTCAAAT TGCCGCCGCC

AATCTGAAGA TTGCGGAACA

AGAAAGCAAT ACGCTGATTA

TGATTTCTGC CGGTATGAAA

GTTGGACAAA

CGGCTTTGGA

GAGATTAAAG

GCAAATTACT

GTCGTAAAAT

ATCCAACAAT

CGAGAAAATC

GCCTTGTTGC

CTTCAARACCC

ATACGTCGCT

TGCCCGCCAA

ATTATCGACA

US 9,266,929 B2

ACGTTTGAAG

CGAGGCGGCC

ACTTGGTTCC

GCCGAACGCG

CGAACARATC

CCGAAGGCGA

GCCCGCATCA

CGAAGCCAAT

AAGGCGGTGC

GCGTTCAACA

TGTTGCCGAC

GCAGCAAAAC

This corresponds to the amino acid sequence <SEQ 1D 3046;
ORF 519>

m519 .pep
1

51
101

151

(partial)

. .SVIGRMELDK TFEERDEINS TVVAALDEAA GAWGVKVLRY

ILRSMQAQIT AEREKRARIA ESEGRKIEQI NLASGQREAE

AVNASNAEKI ARINRAKGEA ESLRLVAEAN AEATIRQIAAA

NLKIAEQYVA AFNNLAKESN TLIMPANVAD IGSLISAGMK

The following partial DNA sequence was identified in N.
gonorrhoeae <SEQ ID 3047>:

g519.seq
1

51
101
151
201
251
301
351
401
451
501
551
601
651
701
751
801

851

atggaatttt

atcctttgte

ggcgttteca

atcgacegeg

acccagecag

gcatcatcta

agcaactaca

cgttateggyg

tcaacagtac

gtgaaagtcc

ccttegegea

gtattgccega

ggtcagcgtg

ggtcaatgeg

gcgaagcgga

cgtcaaattyg

tctgaagatt

aagacaatac

tcattatctt gttggcagec

gtcatccece agcaggaagt

tcegegeccty acggecggtt

tcegectaceyg ccattegetg

gtctgcatca cgcgcgataa

tttccaagta accgatccca

ttatggcaat tacccagett

cgtatggagt tggacaaaac

cgtegtetee gecctegatg

tcegttacga aatcaaggat

atgcaggcac aaattaccgce

atccgaagge cgtaaaatcg

aagccgaaat ccaacaatcc

tccaatgecyg agaaaatcge

atccctgege cttgttgeeg

cegecgecect tcaaacccaa

gcgggacaat acgttaccge

gcggattaag ccegcecaagg

gtegeegttt

ccacgttgte

tgaatatttt

aaagaaatcc

tacgcaattg

aactcgecte

gcccaaacga

gtttgaagaa

aagccgeagyg

ttggttecege

cgaacgcgaa

aacaaatcaa

gaaggcgagy

ccgeatcaac

aagccaatge

ageggggegy

gttcaaaaat

ttgccgaaat

AACGCGACGA
GECYCTTYGE
GCCGCAAGAA
AARRACGCGC
AACCTTGCCA
GECTCAGGCT
ACCGCGCCAA
GCCGAAGCCA
GGATGCGATC
ATCTTGCCAA
ATCGGCAGCC

CGCCAAATAA

EIKDLVPPQE
IQQSEGEAQA
LQTQGGADAV

IIDSSKTAK*

tceggetteaa

gaaaggcteg

gattcccttt

ctttagacgt

actgttgacg

atacggtteg

cgctgegtte

cgcgacgaaa

ggcttggggt

cgcaagaaat

aaacgcgecc

ccttgecagt

ctcaggetge

cgcgecaaag

cgaagccaac

atgcggtcaa

cttgccaaag

cgggaaccct
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-continued

901 aattttcggce ggcatgaaaa attttcgcca gaagcaaaaa cggccaaata

951 a

This corresponds to the amino acid sequence <SEQ 1D 3048;

ORF 519.ng>:

g519.pep
1

MEFFIILLAA VAVFGFKSFV VIPQQEVHVV ERLGRFHRAL TAGLNILIPF

51 IDRVAYRHSL KEIPLDVPSQ VCITRDNTQL TVDGIIYFQV TDPKLASYGS

101 SNYIMAITQL AQTTLRSVIG RMELDKTFEE RDEINSTVVS ALDEAAGAWG

151 VKVLRYEIKD LVPPQEILRA MQAQITAERE KRARIAESEG RKIEQINLAS

201 GQREAEIQQS EGEAQAAVNA SNAEKIARIN RAKGEAESLR LVAEANAEAN

251 RQIAAALQTQ SGADAVNLKI AGQYVTAFKN LAKEDNTRIK PAKVAEIGNP

301 NFRRHEKFSP EAKTAK*

ORF 519 shows 87.5% identity over a 200 aa overlap with a
predicted ORF (ORF 519.ng) from N. gonorrhoeae:

m519/9g519
m519 .pep

g519

m519 .pep

g519

m519 .pep

g519

m519 .pep

g519

10 20 30

SVIGRMELDKTFEERDEINSTVVAALDEZAA

LU LT

YFQVTDPKLASYGSSNYIMAITQLAQTTLRSVIGRMELDKTFEERDEINSTVVSALDEAA
90 100 110 120 130 140

40 50 60 70 80 90
GAWGVKVLRYEIKDLVPPQEILRSMOAQITAEREKRARIAESEGRKIEQINLASGQREAE
LU LU T
GAWGVKVLRYEIKDLVPPQEILRAMOAQITAEREKRARIAESEGRKIEQINLASGQREAE
150 160 170 180 190 200

100 110 120 130 140 150
IQOSEGEAQAAVNASNAEKIARINRAKGEAESLRLVAEANAEATRQIAAALQTQGGADAV
NN
IQOSEGEAQAAVNASNAEKIARINRAKGEAESLRLVAEANAEANRQIAAALQTQSGADAV
210 220 230 240 250 260

160 170 180 190 200
NLKIAEQYVAAFNNLAKESNTLIMPANVADIGSL-ISAGMKIIDSSKTAK
IR e e
NLKIAGQYVTAFKNLAKEDNTRIKPAKVAEIGNPNFRRHEKFSPEAKTAK
270 280 290 300 310

45

The following partial DNA sequence was identified in N.
meningitidis <SEQ ID 3049>:

a519.seq

1 ATGGAATTTT TCATTATCTT GCTGGCAGCC GTCGTTGTTT TCGGCTTCAA

51 ATCCTTTGTT GTCATCCCAC AGCAGGAAGT CCACGTTGTC GAAAGGCTCG

101 GGCGTTTCCA TCGCGCCCTG ACGGCCGGTT TGAATATTTT GATTCCCTTT

151 ATCGACCGCG TCGCCTACCG CCATTCGCTG AAAGAAATCC CTTTAGACGT

201 ACCCAGCCAG GTCTGCATCA CGCGCGACAA TACGCAGCTG ACTGTTGACG

251 GTATCATCTA TTTCCAAGTA ACCGACCCCA AACTCGCCTC ATACGGTTCG

301 AGCAACTACA TTATGGCGAT TACCCAGCTT GCCCAAACGA CGCTGCGTTC

351 CGTTATCGGG CGTATGGAAT TGGACAAAAC GTTTGAAGAA CGCGACGAAA

401 TCAACAGCAC CGTCGTCTCC GCCCTCGATG AAGCCGCCGG AGCTTGGGGT

451 GTGAAGGTTT TGCGTTATGA GATTAAAGAC TTGGTTCCGC CGCAAGAAAT

501 CCTTCGCTCA ATGCAGGCGC AAATTACTGC TGAACGCGAA AAACGCGCCC
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-continued

551 GTATCGCCGA ATCCGAAGGT CGTAAAATCG AACAAATCAA CCTTGCCAGT

601 GGTCAGCGCG AAGCCGAAAT CCAACAATCC GAAGGCGAGG CTCAGGCTGC

651 GGTCAATGCG TCAAATGCCG AGAAAATCGC CCGCATCAAC CGCGCCAAAG

701 GTGAAGCGGA ATCCTTGCGC CTTGTTGCCG AAGCCAATGC CGAAGCCATC

751 CGTCAAATTG CCGCCGCCCT TCAAACCCAA GGCGGTGCGG ATGCGGTCAA

801 TCTGAAGATT GCGGAACAAT ACGTCGCCGC GTTCAACAAT CTTGCCAAAG

851 AAAGCAATAC GCTGATTATG CCCGCCAATG TTGCCGACAT CGGCAGCCTG

901 ATTTCTGCCG GTATGAAAAT TATCGACAGC AGCAAAACCG CCAAATAA

This corresponds to the amino acid sequence <SEQ ID 3050;

ORF 519.a>:

a519 .pep

1 MEFFIILLAA VVVFGFKSFV VIPQQEVHVV ERLGRFHRAL TAGLNILIPF

51 IDRVAYRHSL KEIPLDVPSQ VCITRDNTQL TVDGIIYFQV TDPKLASYGS

101 SNYIMAITQL AQTTLRSVIG RMELDKTFEE RDEINSTVVS ALDEAAGAWG

151 VKVLRYEIKD LVPPQEILRS MQAQITAERE KRARIAESEG RKIEQINLAS

201 GQREAEIQQS EGEAQAAVNA SNAEKIARIN RAKGEAESLR LVAEANAEAI

251 RQIAAALQTQ GGADAVNLKI AEQYVAAFNN LAKESNTLIM PANVADIGSL

301 ISAGMKIIDS SKTAK*

m519/a519 ORFs 519 and 519.a showed a 99.5% identity
in 199 aa overlap

m519 .pep

a519

m519 .pep

a519

m519 .pep

a519

m519 .pep

a519

10 20 30

SVIGRMELDKTFEERDEINSTVVAALDEZAA

LT LT

YFQVTDPKLASYGSSNYIMAITQLAQTTLRSVIGRMELDKTFEERDEINSTVVSALDEAA
90 100 110 120 130 140

40 50 60 70 80 90
GAWGVKVLRYEIKDLVPPOEILRSMOAQITAEREKRARIAESEGRKIEQINLASGOREAE
CEELELEETELEE L LT TP
GAWGVKVLRYEIKDLVPPOEILRSMQAQITAEREKRARIAESEGRKIEQINLASGQREAE
150 160 170 180 190 200
100 110 120 130 140 150
IQOSEGEAQARVNASNAEKI AR INRAKGEAESLRLVAEANAEAIRQIARALOTQGGADAV
COLLETETETEL P LT LT L P L]
IQOSEGEAQARVNASNAEKI AR INRAKGEAESLRLVAEANAEAIRQIARALOTQGGADAV
210 220 230 240 250 260
160 170 180 190 200
NLKIAEQYVAAFNNLAKESNTL IMPANVADIGSLISAGMKIIDS SKTAKX
COTLELTECET e e e e e e e
NLKIAEQYVAAFNNLAKESNTL IMPANVADIGSLISAGMKIIDS SKTAKX
270 280 290 300 310

55

Further work revealed the DNA sequence identified in .
meningitidis <SEQ ID 3051>:

m519-1.seq

1 ATGGAATTTT TCATTATCTT GTTGGTAGCC GTCGCCGTTT TCGGTTTCAA
51 ATCCTTTGTT GTCATCCCAC AACAGGAAGT CCACGTTGTC GAAAGGCTGG
101 GGCGTTTCCA TCGCGCCCTG ACGGCCGGTT TGAATATTTT GATTCCCTTT
151 ATCGACCGCG TCGCCTACCG CCATTCGCTG AAAGAAATCC CTTTAGACGT

201 ACCCAGCCAG GTCTGCATCA CGCGCGACAA TACGCAGCTG ACTGTTGACG

62



251

301

351

401

451

501

551

601

651

701

751

801

851

901

GCATCATCTA

AGCAACTACA

CGTTATCGGG

TCAACAGTAC

GTGAAGGTTT

CCTTCGCTCA

GTATCGCCGA

GGTCAGCGCG

GGTCAATGCG

GTGAAGCGGA

CGTCAAATTG

TCTGAAGATT

AAAGCAATAC

ATTTCTGCCG

63
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-continued

TTTCCAAGTA

TTATGGCGAT

CGTATGGAGT

TGTTGTTGCG

TGCGTTATGA

ATGCAGGCGC

ATCCGAAGGT

AAGCCGAAAT

TCAAATGCCG

ATCCTTGCGC

CCGCceaeecT

GCGGAACAAT

GCTGATTATG

GTATGAAAAT

ACCGACCCCA

TACCCAGCTT

TGGACAAAAC

GCTTTGGACG

GATTAAAGAC

AAATTACTGC

CGTAAAATCG

CCAACAATCC

AGAAAATCGC

CTTGTTGCCG

TCAAACCCAA

ACGTCGCTGC

CCCGCCAATG

TATCGACAGC

AACTCGCCTC

GCCCAAACGA

GTTTGAAGAA

AGGCGGCCGG

TTGGTTCCGC

CGAACGCGAA

AACAAATCARA

GAAGGCGAGG

CCGCATCAAC

AAGCCAATGC

GGCGGTGCGG

GTTCAACAAT

TTGCCGACAT

AGCAAAACCG

This corresponds to the amino acid sequence <SEQ ID 3052; 25
ORF 519-1>:

m519-1.

51

101

151

201

251

301

The following partial DNA sequence

MEFFIILLVA VAVEGFKSEV
IDRVAYRHSL KEIPLDVPSQ
SNYIMAITQL AQTTLRSVIG
VKVLRYEIKD LVPPQEILRS
GQREAEIQQS EGEAQAAVNA

RQIAAALQTQ GGADAVNLKI

ISAGMKIIDS SKTAK*

gonorrhoeae <SEQ ID 3053>:

g519-1.seq

1 ATGGAATTTT
51 ATCCTTTGTC
101 GGCGTTTCCA
151 ATCGACCGCG
201 ACCCAGCCAG
251 GCATCATCTA
301 AGCAACTACA
351 CGTTATCGGG
401 TCAACAGTAC
451 GTGAAAGTCC
501 CCTTCGCGCA
551 GTATTGCCGA
601 GGTCAGCGTG

TCATTATCTT

GTCATCCCCC

TCGCGCCCTG

TCGCCTACCG

GTCTGCATCA

TTTCCAAGTA

TTATGGCAAT

CGTATGGAGT

CGTCGTCTCC

TCCGTTACGA

ATGCAGGCAC

ATCCGAAGGC

AAGCCGAAAT

VIPQQEVHVV

VCITRDNTQL

RMELDKTFEE

MQAQITAERE

SNAEKIARIN

AEQYVAAFNN

ERLGRFHRAL

TVDGIIYFQV

RDEINSTVVA

KRARIAESEG

RAKGEAESLR

LAKESNTLIM

40

was identified in N.

GTTGGCAGCC

AGCAGGAAGT

ACGGCCGGTT

CCATTCGCTG

CGCGCGATAA

ACCGATCCCA

TACCCAGCTT

TGGACAAAAC

GCCCTCGATG

AATCAAGGAT

AAATTACCGC

CGTAAAATCG

CCAACAATCC

GTCGCCGTTT

CCACGTTGTC

TGAATATTTT

AAAGAAATCC

TACGCAATTG

AACTCGCCTC

GCCCAAACGA

GTTTGAAGAA

AAGCCGCCGG

TTGGTTCCGC

CGAACGCGAA

AACAAATCARA

GAAGGCGAGG

ATACGGTTCG

CGCTGCGTTC

CGCGACGAAA

GGCTTGGGGT

CGCAAGAAAT

ARACGCGCCC

CCTTGCCAGT

CTCAGGCTGC

CGCGCCAAAG

CGAAGCCATC

ATGCGGTCAA

CTTGCCAAAG

CGGCAGCCTG

CCAAATAA

TAGLNILIPF

TDPKLASYGS

ALDEAAGAWG

RKIEQINLAS

LVAEANAEAT

PANVADIGSL

TCGGCTTCAA

GAAAGGCTCG

GATTCCCTTT

CTTTAGACGT

ACTGTTGACG

ATACGGTTCG

CGCTGCGTTC

CGCGACGAAA

GGCTTGGGGT

CGCAAGAAAT

ARACGCGCCC

CCTTGCCAGT

CTCAGGCTGC

64



651

701

751

801

851

901
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-continued

GGTCAATGCG TCCAATGCCG AGAAAATCGC CCGCATCAAC CGCGCCAAAG

GCGAAGCGGA ATCCCTGCGC CTTGTTGCCG AAGCCAATGC CGAAGCCATC

CGTCAAATTG CCGCCGCCCT TCAAACCCAA GGCGGGGCGG ATGCGGTCAA

TCTGAAGATT GCGGAACAAT ACGTAGCCGC GTTCAACAAT CTTGCCAAAG

AAAGCAATAC GCTGATTATG CCCGCCAATG TTGCCGACAT CGGCAGCCTG

ATTTCTGCCG GCATGAAAAT TATCGACAGC AGCAAAACCG CCAAATAA

This corresponds to the amino acid sequence <SEQ 1D 3054;
ORF 519-1.ng>:

g519-1.pep

1

51

101

151

201

251

301

MEFFIILLAA VAVFGFKSFV VIPQQEVHVV ERLGRFHRAL TAGLNILIPF

IDRVAYRHSL KEIPLDVPSQ VCITRDNTQL TVDGIIYFQV TDPKLASYGS

SNYIMAITQL AQTTLRSVIG RMELDKTFEE RDEINSTVVS ALDEAAGAWG

VKVLRYEIKD LVPPQEILRA MQAQITAERE KRARIAESEG RKIEQINLAS

GQREAEIQQS EGEAQAAVNA SNAEKIARIN RAKGEAESLR LVAEANAEAI

RQIAAALQTQ GGADAVNLKI AEQYVAAFNN LAKESNTLIM PANVADIGSL

ISAGMKIIDS SKTAK*

m519-1/g519-1 99.0% identity in 315 aa overlap

g519-1

m519-1

g519-1

m519-1

g519-1

m519-1

g519-1

m519-1

g519-1

m519-1

g519-1

m519-1

-pep

-pep

-pep

-pep

-pep

-pep

10 20 30 40 50 60
MEFFIILLAAVAVFGFKSFVVIPQQOEVHVVERLGRFHRALTAGLNILIPFIDRVAYRHSL
I
MEFFIILLVAVAVFGFKSFVVIPQQOEVHVVERLGRFHRALTAGLNILIPFIDRVAYRHSL

10 20 30 40 50 60

70 80 90 100 110 120
KEIPLDVPSQVCITRDNTQLTVDGIIYFOVTDPKLASYGSSNYIMAITOLAQTTLRSVIG
CETLTEEEEEL T e e e e e e e e e e
KEIPLDVPSQVCITRDNTQLTVDGIIYFQVIDPKLASYGSSNYIMAITQLAQTTLRSVIG

70 80 90 100 110 120

130 140 150 160 170 180
RMELDKTFEERDEINSTVVSALDEAAGAWGVKVLRYEIKDLVPPQEILRAMQAQITAERE
LU CCUE DD T T
RMELDKTFEERDEINSTVVAALDEAAGAWGVKVLRYEIKDLVPPQEILRSMQAQITAERE

130 140 150 160 170 180

190 200 210 220 230 240
KRARIAESEGRKIEQINLASGOREAEIQOSEGEAQARVNASNAEKIARINRAKGEAESLR
NN NNy
KRARIAESEGRKIEQINLASGOREAEIQQOSEGEAQARVNASNAEKIARINRAKGEAESLR

190 200 210 220 230 240

250 260 270 280 290 300
LVAEANAEAIRQIAAALQOTQGGADAVNLKIAEQYVAAFNNLAKESNTLIMPANVADIGSL
TV ||||||||||||||||||||||||||||||||
LVAEANAEAIRQIAAALQOTQGGADAVNLKIAEQYVAAFNNLAKESNTL IMPANVADIG
250 260 270 280 290 300
310
ISAGMKIIDS SKTAKX
LETEETTETETETTL
ISAGMKIIDS SKTAKX
310

The following DNA sequence was identified in N. meningiti-
dis <SEQ ID 3055>:

a519-1.seq

1

51

101

ATGGAATTTT TCATTATCTT GCTGGCAGCC GTCGTTGTTT TCGGCTTCAA

ATCCTTTGTT GTCATCCCAC AGCAGGAAGT CCACGTTGTC GAAAGGCTCG

GGCGTTTCCA TCGCGCCCTG ACGGCCGGTT TGAATATTTT GATTCCCTTT

66
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151 ATCGACCGCG TCGCCTACCG CCATTCGCTG AAAGAAATCC CTTTAGACGT
201 ACCCAGCCAG GTCTGCATCA CGCGCGACAA TACGCAGCTG ACTGTTGACG
251 GTATCATCTA TTTCCAAGTA ACCGACCCCA AACTCGCCTC ATACGGTTCG
301 AGCAACTACA TTATGGCGAT TACCCAGCTT GCCCAAACGA CGCTGCGTTC
351 CGTTATCGGG CGTATGGAAT TGGACAAAAC GTTTGAAGAA CGCGACGAAA
401 TCAACAGCAC CGTCGTCTCC GCCCTCGATG AAGCCGCCGG AGCTTGGGGT
451 GTGAAGGTTT TGCGTTATGA GATTAAAGAC TTGGTTCCGC CGCAAGAAAT
501 CCTTCGCTCA ATGCAGGCGC AAATTACTGC TGAACGCGAA AARACGCGCCC
551 GTATCGCCGA ATCCGAAGGT CGTAAAATCG AACAAATCAA CCTTGCCAGT
601 GGTCAGCGCG AAGCCGAAAT CCAACAATCC GAAGGCGAGG CTCAGGCTGC
651 GGTCAATGCG TCAAATGCCG AGAAAATCGC CCGCATCAAC CGCGCCAAAG
701 GTGAAGCGGA ATCCTTGCGC CTTGTTGCCG AAGCCAATGC CGAAGCCATC
751 CGTCARATTG CCGCCGCCCT TCAAACCCAA GGCGGTGCGG ATGCGGTCAA
801 TCTGAAGATT GCGGAACAAT ACGTCGCCGC GTTCAACAAT CTTGCCAAAG
851 ARAGCAATAC GCTGATTATG CCCGCCAATG TTGCCGACAT CGGCAGCCTG
901 ATTTCTGCCG GTATGAAAAT TATCGACAGC AGCAAAACCG CCAAATAA

This corresponds to the amino acid sequence <SEQ 1D 3056;

ORF 519-1.a>:
a519-1.pep.
1 MEFFIILLAA VVVFGFKSFV VIPQQEVHVV ERLGRFHRAL TAGLNILIPF

51 IDRVAYRHSL KEIPLDVPSQ VCITRDNTQL TVDGIIYFQV TDPKLASYGS
101 SNYIMAITQL AQTTLRSVIG RMELDKTFEE RDEINSTVVS ALDEAAGAWG
151 VKVLRYEIKD LVPPQEILRS MQAQITAERE KRARIAESEG RKIEQINLAS
201 GQREAEIQQS EGEAQAAVNA SNAEKIARIN RAKGEAESLR LVAEANAEAI
251 RQIAAALQTQ GGADAVNLKI AEQYVAAFNN LAKESNTLIM PANVADIGSL
301 ISAGMKIIDS SKTAK*

m519-1/a519-1 ORFs 519-1 and 519-1.a showed a 99.0%
identity in 315 aa overlap

a519-1.pep

m519-1

a519-1.pep

m519-1

a519-1.pep

m519-1

a519-1.pep

m519-1

10 20 30 40 50 60
MEFFIILLAAVVVFGFKSFVVIPQQOEVHVVERLGRFHRALTAGLNILIPFIDRVAYRHSL
I
MEFFIILLVAVAVFGFKSFVVIPQQOEVHVVERLGRFHRALTAGLNILIPFIDRVAYRHSL

10 20 30 40 50 60

70 80 90 100 110 120
KEIPLDVPSQVCITRDNTQLTVDGIIYFOVTDPKLASYGSSNYIMAITOLAQTTLRSVIG
COLLETEELELEL TP P PP
KEIPLDVPSQVCITRDNTQLTVDGIIYFQVTDPKLASYGSSNYIMAITQLAQTTLRSVIG

70 80 90 100 110 120

130 140 150 160 170 180
RMELDKTFEERDEINSTVVSALDEAAGAWGVKVLRYEIKDLVPPQEILRSMQAQITAERE
ECCLCUCCCUCCUE DD T
RMELDKTFEERDEINSTVVAALDEAAGAWGVKVLRYEIKDLVPPQEILRSMQAQITAERE

130 140 150 160 170 180

190 200 210 220 230 240
KRARIAESEGRKIEQINLASGOREAEIQOSEGEAQARVNASNAEKIARINRAKGEAESLR
COTEETCERERET TP T L LT
KRARIAESEGRKIEQINLASGOREAEIQQOSEGEAQARVNASNAEKTARINRAKGEAESLR

190 200 210 220 230 240

68
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250 260 270 280 290 300

a519-1.pep LVAEANAEATRQIAAALQTQGGADAVNLKIAEQYVAAFNNLAKESNTLIMPANVADIGSL

m519-1

LVAEANAEATRQIAAALQTQGGADAVNLKIAEQYVAAFNNLAKESNTLIMPANVADIGSL
250 260 270 280 290 300

310

a519-1.pep ISAGMKIIDSSKTAKX

m519-1

ISAGMKIIDSSKTAKX
310

576 and 576-1 gnm22.seq
The following partial DNA sequence was identified in N.
meningitidis <SEQ ID 3057>:

m576 .seq. .
1

51
101
151
201
251
301
351
401
451
501
551
601

651

(partial)
. .ATGCAGCAGG CAAGCTATGC GATGGGCGTG GACATCGGAC GCTCCCTGAA

GCAAATGAAG GAACAGGGCG CGGAAATCGA TTTGAAAGTC TTTACCGAAG
CCATGCAGGC AGTGTATGAC GGCAAAGAAA TCAAAATGAC CGAAGAGCAG
GCTCAGGAAG TCATGATGAA ATTCCTTCAG GAACAACAGG CTAAAGCCGT
AGAAAAACAC AAGGCGGACG CGAAGGCCAA TAAAGAAAAA GGCGAAGCCT
TTCTGAAAGA AAATGCCGCC AAAGACGGCG TGAAGACCAC TGCTTCCGGC
CTGCAATACA AAATCACCAA ACAGGGCGAA GGCAAACAGC CGACCAAAGA
CGACATCGTT ACCGTGGAAT ACGAAGGCCG CCTGATTGAC GGTACGGTAT
TCGACAGCAG CAAAGCCAAC GGCGGCCCGG TCACCTTCCC TTTGAGCCAA
GTGATTCCGG GTTGGACCGA AGYCGTACAG CTTCTGAAAG AAGGCGGCGA
AGCCACGTTC TACATCCCGT CCAACCTTGC CTACCGCGAA CAGGGTGCGG
GCGACAAAAT CGGTCCGAAC GCCACTTTGG TATTTGATGT GAAACTGGTC
AAAATCGGCG CACCCGAAAA CGCGCCCGCC AAGCAGCCGG CTCAAGTCGA

CATCAAAAAA GTAAATTAA

This corresponds to the amino acid sequence <SEQ ID 3058;

ORF 576>:
m576 .pep. .
1

51
101
151

201

(partial)
. . MQOASYAMGV DIGRSLKQOMK EQGAEIDLKV FTEAMQAVYD GKEIKMTEEQ

AQEVMMKFLQ EQQAKAVEKH KADAKANKEK GEAFLKENAA KDGVKTTASG
LOYKITKQGE GKQPTKDDIV TVEYEGRLID GTVFDSSKAN GGPVTFPLSQ
VIPGWTEGVQ LLKEGGEATF YIPSNLAYRE QGAGDKIGPN ATLVFDVKLV

KIGAPENAPA KQPAQVDIKK VN*

The following partial DNA sequence was identified in N. 55
gonorrhoeae <SEQ ID 3059>:

g576.seq. .
1

51
101
151

201

(partial)
..atgggegtgyg acatcggacyg ctceectgaaa caaatgaagg aacagggege

ggaaatcgat ttgaaagtct ttaccgatge catgcaggca gtgtatgacg
gcaaagaaat caaaatgacc gaagagcagg cccaggaagt gatgatgaaa
ttcctgecagyg agcagcagge taaagecgta gaaaaacaca aggceggatge

gaaggccaac aaagaaaaag gcgaagcctt cctgaaggaa aatgecgeeg

70
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-continued
aagacggcgt gaagaccact gcttcecggtce tgcagtacaa aatcaccaaa

cagggtgaag gcaaacagcc gacaaaagac gacatcgtta ccgtggaata
cgaaggecge ctgattgacg gtaccgtatt cgacagcagce aaagccaacg
geggeccegge caccttecct ttgagecaag tgatteeggg ttggaccgaa
ggcgtacgge ttctgaaaga aggcggcgaa gecacgttet acatccegte
caaccttgece taccgegaac agggtgeggg cgaaaaaatc ggtccgaacyg
ccactttggt atttgacgtg aaactggtca aaatcggege acccgaaaac

gegecegeca agcagcecgga tcaagtcgac atcaaaaaag taaattaa

15

This corresponds to the amino acid sequence <SEQ ID 3060;

ORF 576.ng>:

g576 .pep.. {(partial)
1

51

101

151

201

. .MGVDIGRSLK QMKEQGAEID LKVFTDAMQA VYDGKEIKMT EEQAQEVMMK

FLQEQQAKAV EKHKADAKAN KEKGEAFLKE NAAEDGVKTT ASGLQYKITK

QGEGKQPTKD DIVTVEYEGR LIDGTVFDSS KANGGPATFP LSQVIPGWTE

GVRLLKEGGE ATFYIPSNLA YREQGAGEKI GPNATLVFDV KLVKIGAPEN

APAKQPDQVD IKKVN*

Computer analysis of this amino acid sequence gave the fol-

lowing results:

Homology with a predicted ORF from N. gonorrhoeae
m576/g576 97.2% identity in 215 aa overlap

m576 .pep

g576

m576 .pep

g576

m576 .pep

g576

m576 .pep

g576

10 20 30 40 50 60
MQOQASYAMGVDIGRSLKOMKEQGAEIDLKVFTEAMQAVYDGKEI KMTEEQAQEVMMKELQ
I
MGVDIGRSLKQMKEQGAEIDLKVFTDAMQAVYDGKEI KMTEEQAQEVMMKFLQ

10 20 30 40 50

70 80 90 100 110 120
EQQAKAVEKHKADAKANKEKGEAFLKENAAKDGVKTTASGLQYKITKOGEGKOPTKDD IV
|||||||||||||||||||||||||||||| FEELELEEEET LT e
QQAKAVEKHKADAKANKEKGEAFLKENAREDGVKTTASGLOYKITKQGEGKQPTKDDIV

60 70 80 90 100 110

130 140 150 160 170 180
TVEYEGRLIDGTVEDS SKANGGPVTFPLSQVI PGHTEGVOLLKEGGEATFYI PSNLAYRE
COTDEEEETEREE T = DL = DL T
TVEYEGRLIDGTVEDS SKANGGPATFPLSQVIPGHTEGVRLLKEGGEATFYI PSNLAYRE
120 130 140 150 160 170
190 200 210 220
QGAGDKIGPNATLVFDVKLVKIGAPENAPAKQPAQVDIKKVNX

CEPETTELEREE LT e e e e
QGAGEKIGPNATLVFDVKLVKIGAPENAPAKQPDOVDIKKVNX
180 190 200 210

The following partial DNA sequence was identified in N.
meningitidis <SEQ ID 3061>:

a576 .seq

1 ATGAACACCA TTTTCAAAAT CAGCGCACTG ACCCTTTCCG CCGCTTTGGC

51 ACTTTCCGCC TGCGGCAAAA AAGAAGCCGC CCCCGCATCT GCATCCGAAC

101 CTGCCGCCGC TTCTTCCGCG CAGGGCGACA CCTCTTCGAT CGGCAGCACG

151 ATGCAGCAGG CAAGCTATGC GATGGGCGTG GACATCGGAC GCTCCCTGAA

201 GCAAATGAAG GAACAGGGCG CGGAAATCGA TTTGAAAGTC TTTACCGAAG

251 CCATGCAGGC AGTGTATGAC GGCAAAGAAA TCAAAATGAC CGAAGAGCAG

301 GCTCAGGAAG TCATGATGAA ATTCCTTCAG GAACAACAGG CTAAAGCCGT

351 AGAAAAACAC AAGGCGGACG CGAAGGCCAA TAAAGAAAAA GGCGAAGCCT
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TTCTGAAAGA AAATGCCGCC AAAGACGGCG TGAAGACCAC TGCTTCCGGC

CTGCAATACA AAATCACCAA ACAGGGCGAA GGCAAACAGC CGACCAAAGA

CGACATCGTT ACCGTGGAAT ACGAAGGCCG CCTGATTGAC GGTACGGTAT

TCGACAGCAG CAAAGCCAAC GGCGGCCCGG TCACCTTCCC TTTGAGCCAA

GTGATTCTGG GTTGGACCGA AGGCGTACAG CTTCTGAAAG AAGGCGGCGA

AGCCACGTTC TACATCCCGT CCAACCTTGC CTACCGCGAA CAGGGTGCGG

GCGACAAAAT CGGCCCGAAC GCCACTTTGG TATTTGATGT GAAACTGGTC

AAAATCGGCG CACCCGAAAA CGCGCCCGCC AAGCAGCCGG CTCAAGTCGA

CATCAAAAARA GTAAATTAA

This corresponds to the amino acid sequence <SEQ 1D 3062;

ORF 576.

a576 .pep
1

51
101
151
201

251

a>:

MNTIFKISAL TLSAALALSA CGKKEAAPAS ASEPAAASSA QGDTSSIGST

MQQASYAMGV DIGRSLKQMK EQGAEIDLKV FTEAMQAVYD GKEIKMTEEQ

AQEVMMKFLQ EQQAKAVEKH KADAKANKEK GEAFLKENAA KDGVKTTASG

LOYKITKQGE GKQPTKDDIV TVEYEGRLID GTVFDSSKAN GGPVTFPLSQ

VILGWTEGVQ LLKEGGEATF YIPSNLAYRE QGAGDKIGPN ATLVFDVKLV

KIGAPENAPA KQPAQVDIKK VN*

m576/a576 99.5% identity in 222 aa overlap

m576

ab76

m576

ab76

m576

ab76

m576

ab76

m576

ab76

-pep

-pep

-pep

-pep

-pep

10 20 30
MQOASYAMGVDIGRSLKOMKEQGAEI DLKV

COTELLTELET TR

CGKKEARPASASEPARAS SAQGDTSS IGSTMOQASYAMGVDI GRSLKOMKEQGAEIDLKY
30 40 50 60 70 80

40 50 60 70 80 90
FTEAMQAV YDGKEI KMTEEQAQEVMMKFLOEQQAKAVEKHKADAKANKEKGEAFLKENAA
CETERETERETEE TP LT
FTEAMQAV YDGKEI KMTEEQAQEVMMKFLOEQQAKAVEKHKADAKANKEKGEAFLKENAR

920 100 110 120 130 140

100 110 120 130 140 150
KDGVKTTASGLQYKITKOGEGKOPTKDD IVTVEYEGRLIDGTVEDS SKANGGPVTFPLSQ
COTLTTEEEE L LT LT T
KDGVKTTASGLQYKITKQGEGKQOPTKDD IVTVEYEGRLIDGTVFDS SKANGGPVTFPLSQ

150 160 170 180 190 200

160 170 180 190 200 210
VIPGWTEGVOLLKEGGEATFYIPSNLAYREQGAGDKIGPNATLVFDVKLVKIGAPENAPA
LT EE LT T T
VILGWTEGVOLLKEGGEATFYIPSNLAYREQGAGDKIGPNATLVFDVKLVKIGAPENAPA

210 220 230 240 250 260

220
KQPAQVDIKKVNX

FELETEETTTT
KQPAQVDIKKVNX
270

The following partial DNA sequence was identified in N.
meningitidis <SEQ ID 3063>:

m576-1.seq

1

51

101

ATGAACACCA TTTTCAAAAT CAGCGCACTG ACCCTTTCCG CCGCTTTGGC

ACTTTCCGCC TGCGGCAAAA AAGAAGCCGC CCCCGCATCT GCATCCGAAC

CTGCCGCCGC TTCTTCCGCG CAGGGCGACA CCTCTTCGAT CGGCAGCACG
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ATGCAGCAGG

GCAAATGAAG

CCATGCAGGC

GCTCAGGAAG

AGAAAAACAC

TTCTGAAAGA

CTGCAATACA

CGACATCGTT

TCGACAGCAG

GTGATTCCGG

AGCCACGTTC

GCGACAAAAT

AAAATCGGCG

CATCAAAAAR

75
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-continued

CAAGCTATGC

GAACAGGGCG

AGTGTATGAC

TCATGATGAA

AAGGCGGACG

AAATGCCGCC

AAATCACCAA

ACCGTGGAAT

CAAAGCCAAC

GTTGGACCGA

TACATCCCGT

CGGTCCGAAC

CACCCGAAAR

GTAAATTAA

GATGGGCGTG

CGGAAATCGA

GGCAAAGAAA

ATTCCTTCAG

CGAAGGCCAA

AAAGACGGCG

ACAGGGCGAA

ACGAAGGCCG

GGCGGCCCGG

AGGCGTACAG

CCAACCTTGC

GCCACTTTGG

CGCGeeceaee

GACATCGGAC

TTTGAAAGTC

TCAAAATGAC

GAACAACAGG

TAAAGAAAAR

TGAAGACCAC

GGCAAACAGC

CCTGATTGAC

TCACCTTCCC

CTTCTGAAAG

CTACCGCGAA

TATTTGATGT

AAGCAGCCGG

This corresponds to the amino acid sequence <SEQ ID 3064; 25

ORF 576-1>:

m576-1.pep
1

51
101
151
201

251

The following partial DNA sequence

MNTIFKISAL

TLSAALALSA

MQOASYAMGY

AQEVMMKFLQ

LQYKITKQGE

VIPGWTEGVQ

KIGAPENAPA

DIGRSLKQMK

EQQAKAVEKH

GKQPTKDDIV

LLKEGGEATF

KQPAQVDIKK

gonorrhoeae <SEQ ID 3065>:

g576-1.seq
1

51
101
151
201
251
301
351
401
451
501
551
601

651

ATGAACACCA

ACTTTCCGCC

CTGCCGCCGC

ATGCAGCAGG

ACAAATGAAG

CCATGCAGGC

GCCCAGGAAG

AGAAAAACAC

TCCTGAAGGA

CTGCAGTACA

CGACATCGTT

TCGACAGCAG

GTGATTCCGG

AGCCACGTTC

TTTTCAAAAT

TGCGGCAAAR

TTCTGCCGCG

CAAGCTATGC

GAACAGGGCG

AGTGTATGAC

TGATGATGAA

AAGGCGGATG

AAATGCCGCC

AAATCACCAA

ACCGTGGAAT

CAAAGCCAAC

GTTGGACCGA

TACATCCCGT

CGKKEAAPAS

EQGAEIDLKV

KADAKANKEK

TVEYEGRLID

YIPSNLAYRE

VN*

ASEPAAASSA

FTEAMQAVYD

GEAFLKENAA

GTVFDSSKAN

QGAGDKIGPN

was identified in N.

CAGCGCACTG

AAGAAGCCGC

CAGGGCGACA

AATGGGCGTG

CGGAAATCGA

GGCAAAGAAA

ATTCCTGCAG

CGAAGGCCAA

AAAGACGGCG

ACAGGGTGAA

ACGAAGGCCG

GGCGGCCCGG

AGGCGTACGG

CCAACCTTGC

ACCCTTTCCG

CCCCGCATCT

CCTCTTCAAT

GACATCGGAC

TTTGAAAGTC

TCAAAATGAC

GAGCAGCAGG

CAAAGAAAAR

TGAAGACCAC

GGCAAACAGC

CCTGATTGAC

CCACCTTCCC

CTTCTGAAAG

CTACCGCGAA

GCTCCCTGAA

TTTACCGAAG

CGAAGAGCAG

CTAAAGCCGT

GGCGAAGCCT

TGCTTCCGGC

CGACCAAAGA

GGTACGGTAT

TTTGAGCCAA

AAGGCGGCGA

CAGGGTGCGG

GAAACTGGTC

CTCAAGTCGA

QGDTSSIGST

GKEIKMTEEQ

KDGVKTTASG

GGPVTFPLSQ

ATLVFDVKLV

CCGCTTTGGC

GCATCCGAAC

CGGCAGCACG

GCTCCCTGAA

TTTACCGATG

CGAAGAGCAG

CTAAAGCCGT

GGCGAAGCCT

TGCTTCCGGT

CGACAAAAGA

GGTACCGTAT

TTTGAGCCAA

AAGGCGGCGA

CAGGGTGCGG
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GCGAAAAAAT CGGTCCGAAC GCCACTTTGG TATTTGACGT GAAACTGGTC

AAAATCGGCG CACCCGAAAA CGCGCCCGCC AAGCAGCCGG ATCAAGTCGA

CATCAAAAARA GTAAATTAA

This corresponds to the amino acid sequence <SEQ ID 3066;
ORF 576-1.ng>:

g576-1.pep
1

51
101
151
201

251

MNTIFKISAL TLSAALALSA CGKKEAAPAS ASEPAAASAA QGDTSSIGST

MQQASYAMGV DIGRSLKQMK EQGAEIDLKV FTDAMQAVYD GKEIKMTEEQ

AQEVMMKFLQ EQQAKAVEKH KADAKANKEK GEAFLKENAA KDGVKTTASG

LOYKITKQGE GKQPTKDDIV TVEYEGRLID GTVFDSSKAN GGPATFPLSQ

VIPGWTEGVR LLKEGGEATF YIPSNLAYRE QGAGEKIGPN ATLVFDVKLV

KIGAPENAPA KQPDQVDIKK VN*

g576-1/m576-1 ORFa 576-1 and 567-1.a showed a 97.8%
identity in 272 aa overlap

g576-1

m576-1

g576-1

m576-1

g576-1

m576-1

g576-1

m576-1

g576-1

m576-1

-pep

-pep

-pep

-pep

-pep

10 20 30 40 50 60
MNTIFKISALTLSAALALSACGKKEAAPASAS EPAAASARQGDTSS IGSTMOOASYANGY
CELLEEETELEL TP LT FELLEL LT LT
MNTIFKISALTLSAALALSACGKKEAAPASAS EPAAAS SAQGDTSS IGSTMOOASYANGY
10 20 30 40 50 60

70 80 90 100 110 120
DIGRSLKQMKEQGAEIDLKVFTDAMOAY YDGKETKMTEEQAQEVMMKE LOEQOAKAVEKH
CEELETEECELEE PP PO e e e e e
DIGRSLKQMKEQGAEIDLKVFTEAMOAYVYDGKEIKMTEEQAQEVMMKE LOEQOAKAVEKH
70 80 920 100 110 120

130 140 150 160 170 180
KADAKANKEKGEAFLKENAAKDGVKTTASGLOYKITKOGEGKOPTKDDIVTVEYEGRLID
|||||||||||||||||||||||||||| CEPEETTECEREE T
DAKANKEKGEAFLKENAAKDGVKTTASGLOYKITKQGEGKQPTKDDIVTVEYEGRLID

130 140 150 160 170 180

190 200 210 220 230 240
GTVFDSSKANGGPATFPLSQVIPGWTEGVRLLKEGGEATFYIPSNLAYREQGAGEKIGPN
LU VL CE L DL =T
GTVFDSSKANGGPVTFPLSQVIPGWTEGVQLLKEGGEATFYIPSNLAYREQGAGDKIGPN

190 200 210 220 230 240

250 260 270
ATLVFDVKLVKIGAPENAPAKQPDQVDIKKVNX

CETLETEETEL P T
ATLVFDVKLVKIGAPENAPAKQPAQVDIKKVNX
250 260 270

The following DNA sequence was identified in N. meningiti-
dis <SEQ ID 3067>:

ab76-1.seq
1

51

101

151

201

251

301

351

401

ATGAACACCA TTTTCAAAAT CAGCGCACTG ACCCTTTCCG CCGCTTTGGC

ACTTTCCGCC TGCGGCAAAA AAGAAGCCGC CCCCGCATCT GCATCCGAAC

CTGCCGCCGC TTCTTCCGCG CAGGGCGACA CCTCTTCGAT CGGCAGCACG

ATGCAGCAGG CAAGCTATGC GATGGGCGTG GACATCGGAC GCTCCCTGAA

GCAAATGAAG GAACAGGGCG CGGAAATCGA TTTGAAAGTC TTTACCGAAG

CCATGCAGGC AGTGTATGAC GGCAAAGAAA TCAAAATGAC CGAAGAGCAG

GCTCAGGAAG TCATGATGAA ATTCCTTCAG GAACAACAGG CTAAAGCCGT

AGAAAAACAC AAGGCGGACG CGAAGGCCAA TAAAGAAAAA GGCGAAGCCT

TTCTGAAAGA AAATGCCGCC AAAGACGGCG TGAAGACCAC TGCTTCCGGC
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CTGCAATACA AAATCACCAA ACAGGGCGAA GGCAAACAGC CGACCAAAGA

CGACATCGTT ACCGTGGAAT ACGAAGGCCG CCTGATTGAC GGTACGGTAT

TCGACAGCAG CAAAGCCAAC GGCGGCCCGG TCACCTTCCC TTTGAGCCAA

GTGATTCTGG GTTGGACCGA AGGCGTACAG CTTCTGAAAG AAGGCGGCGA

AGCCACGTTC TACATCCCGT CCAACCTTGC CTACCGCGAA CAGGGTGCGG

GCGACAAAAT CGGCCCGAAC GCCACTTTGG TATTTGATGT GAAACTGGTC

AAAATCGGCG CACCCGAAAA CGCGCCCGCC AAGCAGCCGG CTCAAGTCGA

CATCAAAAARA GTAAATTAA

15

This corresponds to the amino acid sequence <SEQ ID 3068;
ORF 576-1.a>:

ab576-1.pep

1

MNTIFKISAL TLSAALALSA CGKKEAAPAS ASEPAAASSA QGDTSSIGST

51 MQOASYAMGYV DIGRSLKQMK EQGAEIDLKV FTEAMQAVYD GKEIKMTEEQ

101 AQEVMMKFLQ EQQAKAVEKH KADAKANKEK GEAFLKENAA KDGVKTTASG

151 LQYKITKQGE GKQPTKDDIV TVEYEGRLID GTVFDSSKAN GGPVTFPLSQ

201 VILGWTEGVQ LLKEGGEATF YIPSNLAYRE QGAGDKIGPN ATLVFDVKLV

251 KIGAPENAPA KQPAQVDIKK VN*

30
a576-1/m576-1 99.6% identity in 272 aa overlap
10 20 30 40 50 60

a576-1

m576-1

a576-1

m576-1

a576-1

m576-1

a576-1

m576-1

a576-1

m576-1

-pep

-pep

-pep

-pep

-pep

919 gnm43.seq
The following partial DNA sequence was identified in N.
meningitidis <SEQ ID 3069>:

mo919.seq

MNTIFKISALTLSAALALSACGKKEAAPASASEPAAAS SAQGDTSS IGSTMOOASYANGY
CELLEEETEL TP LT TP LT LT
MNTIFKISALTLSAALALSACGKKEAAPASAS EPAAAS SAQGDTSS IGSTMOOASYANGY

10 20 30 40 50 60

70 80 90 100 110 120
DIGRSLKQMKEQGAEIDLKVFTEAMOAY YDGKETKMTEEQAQEVMMKE LOEQOAKAVEKH
CEELETEECELEE TP e e e e e e e e e e e e
DIGRSLKQMKEQGAEIDLKVFTEAMOAYYDGKEIKMTEEQAQEVMMKE LOEQOAKAVEKH

70 80 920 100 110 120

130 140 150 160 170 180
KADAKANKEKGEAFLKENAAKDGVKTTASGLOYKITKOGEGKOPTKDDIVTVEYEGRLID
||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
DAKANKEKGEAFLKENAAKDGVKTTASGLOYKITKQGEGKQPTKDDIVTVEYEGRLID

130 140 150 160 170 180

190 200 210 220 230 240
GTVFDSSKANGGPVTFPLSQVILGWTEGVQLLKEGGEATFYIPSNLAYREQGAGDKIGPN

GTVFDSSKANGGPVTFPLSQVIPGWTEGVQLLKEGGEATFYIPSNLAYREQGAGDKIGPN
190 200 210 220 230 240
250 260 270

ATLVFDVKLVKIGAPENAPAKQPAQVDIKKVNX

CETLEECETETEE T
ATLVFDVKLVKIGAPENAPAKQPAQVDIKKVNX
250 260 270

55

1 ATGAAAAAAT ACCTATTCCG CGCCGCCCTG TACGGCATCG CCGCCGCCAT

51 CCTCGCCGCC TGCCAAAGCA AGAGCATCCA AACCTTTCCG CAACCCGACA

101 CATCCGTCAT CAACGGCCCG GACCGGCCGG TCGGCATCCC CGACCCCGCC

80
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151 GGAACGACGG TCGGCGGCGE CGGGGCCETC TATACCGTTG TACCGCACCT

201 GTCCCTGCCC CACTGGGCGG CGCAGGATTT CGCCAAAAGC CTGCAATCCT
251 TCCGCCTCGG CTGCGCCAAT TTGAAAAACC GCCAAGGCTG GCAGGATGTG
301 TGCGCCCAAG CCTTTCAAAC CCCCGTCCAT TCCTTTCAGG CAAAACAGTT
351 TTTTGAACGC TATTTCACGC CGTGGCAGGT TGCAGGCAAC GGAAGCCTTG
401 CCGGTACGGT TACCGGCTAT TACGAACCGG TGCTGAAGGG CGACGACAGG
451 CGGACGGCAC AAGCCCGCTT CCCGATTTAC GGTATTCCCG ACGATTTTAT
501 CTCCGTCCCC CTGCCTGCCG GTTTGCGGAG CGGAAAAGCC CTTGTCCGCA
551 TCAGGCAGAC GGGAAAAAAC AGCGGCACAA TCGACAATAC CGGCGGCACA
601 CATACCGCCG ACCTCTCCcG ATTCCCCATC ACCGCGCGCA CAACAGCAAT
651 CAAAGGCAGG TTTGAAGGAA GCCGCTTCCT CCCCTACCAC ACGCGCAACC
701 AAATCAACGG CGGCGCGCTT GACGGCAARAG CCCCGATACT CGGTTACGCC
751 GAAGACCCTG TCGAACTTTT TTTTATGCAC ATCCAAGGCT CGGGCCGTCT
801 GAAAACCCCG TCCGGCAAAT ACATCCGCAT CGGCTATGCC GACAAAAACG
851 AACATCCyTA CGTTTCCATC GGACGCTATA TGGCGGATAA GGGCTACCTC
901 AAACTCGGAC AAACCTCCAT GCAGGGCATT AAGTCTTATA TGCGGCAAAA
951 TCCGCAACGC CTCGCCGAAG TTTTGGGTCA AAACCCCAGC TATATCTTTT
1001 TCCGCGAGCT TGCCGGAAGC AGCAATGACG GCCCTGTCGG CGCACTGGGC
1051 ACGCCGCTGA TGGGGGAATA TGCCGGCGCA GTCGACCGGC ACTACATTAC
1101 CTTGGGTGCG CCCTTATTTG TCGCCACCGC CCATCCGGTT ACCCGCAAAG
1151 CCCTCAACCG CCTGATTATG GCGCAGGATA CCGGCAGCGC GATTAAAGGC
1201 GCGGTGCGCG TGGATTATTT TTGGGGATAC GGCGACGAAG CCGGCGAACT
1251 TGCCGGCAAA CAGAAAACCA CGGGATATGT CTGGCAGCTC CTACCCAACG

1301 GTATGAAGCC CGAATACCGc CCGTAA
40

This corresponds to the amino acid sequence <SEQ 1D 3070;
ORF 919>

mo919 .pe

f pMKKYLFRAAL YGIAAATILAA CQSKSIQTFP QPDTSVINGP DRPVGIPDPA
51 GTTVGGGGAV YTVVPHLSLP HWAAQDFAKS LQSFRLGCAN LKNRQGWQDV
101 CAQAFQTPVH SFQAKQFFER YFTPWQVAGN GSLAGTVTGY YEPVLKGDDR
151 RTAQARFPIY GIPDDFISVP LPAGLRSGKA LVRIRQTGKN SGTIDNTGGT
201 HTADLSRFPI TARTTAIKGR FEGSRFLPYH TRNQINGGAL DGKAPILGYA
251 EDPVELFFMH IQGSGRLKTP SGKYIRIGYA DKNEHPYVSI GRYMADKGYL
301 KLGQTSMQGI KSYMRQNPQR LAEVLGQNPS YIFFRELAGS SNDGPVGALG
351 TPLMGEYAGA VDRHYITLGA PLFVATAHPV TRKALNRLIM AQDTGSAIKG

401 AVRVDYFWGY GDEAGELAGK QKTTGYVWQL LPNGMKPEYR P*

60
The following partial DNA sequence was identified in N.

gonorrhoeae <SEQ ID 3071>:

g919.seq
1 ATGAAAAAAC ACCTGCTCCG CTCCGCCCTG TACGGcatCG CCGCCgccAT



US 9,266,929 B2
83

-continued
51 CectcgCCGCC TGCCAARAgca gGAGCATCCA AACCTTTCCG CAACCCGACA

101 CATCCGTCAT CAACGGCCCG GACCGGCCGG CCGGCATCCC CGACCCCGCC
151 GGAACGACGG TTGCCGGCGG CGGGGCCGTC TATACCGTTG TGCCGCACCT
201 GTCCATGCCC CACTGGGCGG CGCaggATTT TGCCAAAAGC CTGCAATCCT
251 TCCGCCTCGG CTGCGCCAAT TTGAAAAACC GCCAAGGCTG GCAGGATGTG
301 TGCGCCCAAG CCTTTCAAAC CCCCGTGCAT TCCTTTCAGG CAAAGCGYTT
351 TTTTGAACGC TATTTCACGC cgtGGCaggt tgcaggcaAC GGAAGCCTTG
401 Caggtacggt TACCGGCTAT TACGAACCGG TGCTGAAGGG CGACGGCAGG
451 CGGACGGAAC GGGCCCGCTT CCCGATTTAC GGTATTCCCG ACGATTTTAT
501 CTCCGTCCCG CTGCCTGCCG GTTTGCGGGG CGGAAAAAAC CTTGTCCGCA
551 TCAGGCAGac ggGGAAAAAC AGCGGCACGA TCGACAATGC CGGCGGCACG
601 CATACCGCCG ACCTCTCCCG ATTCCCCATC ACCGCGCGCA CAACGGcaat
651 caaaGGCAGG TTTGAaggAA GCCGCTTCCT CCCTTACCAC ACGCGCAACC
701 AAAtcaacGG CGGCgcgcTT GACGGCAAag cccCCATCCT CggttacgeC
751 GAagaccCcG tcgaacttTT TTTCATGCAC AtccaaggCT CGGGCCGCCT
801 GAAAACCCcg tccggcaaat acatCCGCAt cggaTacgcec gacAAAAACG
851 AACAtccgTa tgtttccatc ggACGetaTA TGGCGGACAA AGGCTACCTC
901 AAGctcgggce agACCTCGAT GCAGGgcatc aaagcCTATA TGCGGCAAAA
951 TCCGCAACGC CTCGCCGAAG TTTTGGGTCA AAACCCCAGC TATATCTTTT
1001 TCCGCGAGCT TGCCGGAAGC GGCAATGAGG GCCCCGTCGG CGCACTGGGC
1051 ACGCCACTGA TGGGGGAATA CGCCGGCGCA ATCGACCGGC ACTACATTAC
1101 CTTGGGCGCG CCCTTATTTG TCGCCACCGC CCATCCGGTT ACCCGCAAAG
1151 CCCTCAACCG CCTGATTATG GCGCAGGATA CAGGCAGCGC GATCAAAGGC
1201 GCGGTGCGCG TGGATTATTT TTGGGGTTAC GGCGACGAAG CCGGCGAACT
1251 TGCCGGCAAA CAGAAAACCA CGGGATACGT CTGGCAGCTC CTGCCCAACG

1301 GCATGAAGCC CGAATACCGC CCGTGA

This corresponds to the amino acid sequence <SEQ 1D 3072;
ORF 919.ng>:

919 .pe
° f pMKKHLLRSAL YGIAAATLAA CQSRSIQTFP QPDTSVINGP DRPAGIPDPA
51 GTTVAGGGAV YTVVPHLSMP HWAAQDFAKS LQSFRLGCAN LKNRQGWQDV
101 CAQAFQTPVH SFQAKRFFER YFTPWQVAGN GSLAGTVTGY YEPVLKGDGR
151 RTERARFPIY GIPDDFISVP LPAGLRGGKN LVRIRQTGKN SGTIDNAGGT
201 HTADLSRFPI TARTTAIKGR FEGSRFLPYH TRNQINGGAL DGKAPILGYA
251 EDPVELFFMH IQGSGRLKTP SGKYIRIGYA DKNEHPYVSI GRYMADKGYL
301 KLGQTSMQGI KAYMRONPQR LAEVLGQONPS YIFFRELAGS GNEGPVGALG
351 TPLMGEYAGA IDRHYITLGA PLFVATAHPV TRKALNRLIM AQDTGSAIKG

401 AVRVDYFWGY GDEAGELAGK QKTTGYVWQL LPNGMKPEYR P*

ORF 919 shows 95.9% identity over a 441 aa overlap with a
predicted ORF (ORF 919.ng) from N. gonorrhoeae:



mo19/g919

mo919

go19

mo919

go19

mo919

go19

mo919

go19

mo919

go19

mo919

go19

mo919

go19

mo919

go19

-pep

-pep

-pep

-pep

-pep

-pep

-pep

-pep
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10 20 30 40 50 60
MKKYLFRAALYGIAAATILAACQSKSIQTFPQPDTSVINGPDRPVGIPDPAGTTVGGGGAV
UL L LD LU L T
MKKHLLRSALYGIAAATILAACQSRSIQTFPQPDTSVINGPDRPAGIPDPAGTTVAGGGAV

10 20 30 40 50 60

70 80 90 100 110 120
YTVVPHLSLPHWAAQDFAKSLOSFRLGCANLKNRQGWQDVCAQAFQTPVHSFQAKQFFER
HEnnEInnannnnaEn
YTVVPHLSMPHWAAQDFAKSLOSFRLGCANLKNRQGWQDVCAQAFQTPVHSFQAKRFFER

70 80 90 100 110 120

130 140 150 160 170 180
YFTPWQVAGNGSLAGTVTGYYEPVLKGDDRRTAQARFPIYGIPDDFISVPLPAGLRSGKA
LU CCUC UL T LT
YFTPWQVAGNGSLAGTVITGYYEPVLKGDGRRTERARFPIYGIPDDFISVPLPAGLRGGKN

130 140 150 160 170 180

190 200 210 220 230 240
LVRIRQTGKNSGTIDNTGGTHTADLSRFPITARTTATIKGRFEGSRFLPYHTRNQINGGAL
CECCT LU OO
LVRIRQTGKNSGTIDNAGGTHTADLSRFPITARTTATIKGRFEGSRFLPYHTRNQINGGAL

190 200 210 220 230 240

250 260 270 280 290 300
DGKAPILGYAEDPVELFFMHIQGSGRLKTPSGKY IRIGYADKNEHPYVSIGRYMADKGYL
CETEETPELEREE LT
DGKAPILGYAEDPVELFFMHIQGSGRLKTPSGKY IRIGYADKNEHPYVSIGRYMADKGYL

250 260 270 280 290 300

310 320 330 340 350 360
KLGQTSMQGIKSYMRONPQRLAEVLGONPSYIFFRELAGSSNDGPVGALGTPLMGEYAGA
LU LD L LT
KLGQTSMQGIKAYMRONPQORLAEVLGONPSYIFFRELAGSGNEGPVGALGTPLMGEYAGA

310 320 330 340 350 360

370 380 390 400 410 420
VDRHYITLGAPLFVATAHPVTRKALNRLIMAQDTGSAIKGAVRVDYFWGYGDEAGELAGK
NN
IDRHYITLGAPLFVATAHPVTRKALNRLIMAQDTGSAIKGAVRVDYFWGYGDEAGELAGK

370 380 390 400 410 420

430 440
OKTTGYVWOLLPNGMKPEYRPX
LTV
OKTTGYVWOLLPNGMKPEYRPX
430 440

The following partial DNA sequence was identified in N.
meningitidis <SEQ ID 3073>:

a919.seq
1

51
101
151
201
251
301
351
401
451
501
551
601
651
701

751

ATGAAAAAAT ACCTATTCCG CGCCGCCCTG TGCGGCATCG CCGCCGCCAT

CCTCGCCGCC TGCCAAAGCA AGAGCATCCA AACCTTTCCG CAACCCGACA

CATCCGTCAT CAACGGCCCG GACCGGCCGG TCGGCATCCC CGACCCCGCC

GGAACGACGG TCGGCGGCGG CGGGGCCGTT TATACCGTTG TGCCGCACCT

GTCCCTGCCC CACTGGGCGG CGCAGGATTT CGCCAAAAGC CTGCAATCCT

TCCGCCTCGG CTGCGCCAAT TTGAAAAACC GCCAAGGCTG GCAGGATGTG

TGCGCCCAAG CCTTTCAAAC CCCCGTCCAT TCCGTTCAGG CAAAACAGTT

TTTTGAACGC TATTTCACGC CGTGGCAGGT TGCAGGCAAC GGAAGCCTTG

CCGGTACGGT TACCGGCTAT TACGAGCCGG TGCTGAAGGG CGACGACAGG

CGGACGGCAC AAGCCCGCTT CCCGATTTAC GGTATTCCCG ACGATTTTAT

CTCCGTCCCC CTGCCTGCCG GTTTGCGGAG CGGAAAAGCC CTTGTCCGCA

TCAGGCAGAC GGGAAAAAAC AGCGGCACAA TCGACAATAC CGGCGGCACA

CATACCGCCG ACCTCTCCCA ATTCCCCATC ACTGCGCGCA CAACGGCAAT

CAAAGGCAGG TTTGAAGGAA GCCGCTTCCT CCCCTACCAC ACGCGCAACC

AAATCAACGG CGGCGCGCTT GACGGCAAAG CCCCGATACT CGGTTACGCC

GAAGACCCCG TCGAACTTTT TTTTATGCAC ATCCAAGGCT CGGGCCGTCT



801

851

901

951

1001

1051

1101

1151

1201

1251

1301
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GAAAACCCCG TCCGGCAAAT ACATCCGCAT CGGCTATGCC GACAAAAACG

AACATCCCTA CGTTTCCATC GGACGCTATA TGGCGGACAA AGGCTACCTC

AAGCTCGGGC AGACCTCGAT GCAGGGCATC AAAGCCTATA TGCAGCAAARA

CCCGCAACGC CTCGCCGAAG TTTTGGGGCA AAACCCCAGC TATATCTTTT

TCCGAGAGCT TACCGGAAGC AGCAATGACG GCCCTGTCGG CGCACTGGGC

ACGCCGCTGA TGGGCGAGTA CGCCGGCGCA GTCGACCGGC ACTACATTAC

CTTGGGCGCG CCCTTATTTG TCGCCACCGC CCATCCGGTT ACCCGCAAAG

CCCTCAACCG CCTGATTATG GCGCAGGATA CCGGCAGCGC GATTAAAGGC

GCGGTGCGCG TGGATTATTT TTGGGGATAC GGCGACGAAG CCGGCGAACT

TGCCGGCAAA CAGAAAACCA CGGGATATGT CTGGCAGCTT CTGCCCAACG

GTATGAAGCC CGAATACCGC CCGTAA

20

This corresponds to the amino acid sequence <SEQ 1D 3074;

ORF 919.

a919 .pep
1

51
101
151
201
251
301
351

401

a>:

MKKYLFRAAL CGIAAATLAA CQSKSIQTFP QPDTSVINGP DRPVGIPDPA

GTTVGGGGAV YTVVPHLSLP HWAAQDFAKS LQSFRLGCAN LKNRQGWQDV

CAQAFQTPVH SVQAKQFFER YFTPWQVAGN GSLAGTVTGY YEPVLKGDDR

RTAQARFPIY GIPDDFISVP LPAGLRSGKA LVRIRQTGKN SGTIDNTGGT

HTADLSQFPI TARTTAIKGR FEGSRFLPYH TRNQINGGAL DGKAPILGYA

EDPVELFFMH IQGSGRLKTP SGKYIRIGYA DKNEHPYVSI GRYMADKGYL

KLGQTSMQGI KAYMQONPQR LAEVLGONPS YIFFRELTGS SNDGPVGALG

TPLMGEYAGA VDRHYITLGA PLFVATAHPV TRKALNRLIM AQDTGSAIKG

AVRVDYFWGY GDEAGELAGK QKTTGYVWQL LPNGMKPEYR P*

m919/a919 98.6% identity in 441 aa overlap

mo919

a9l9

mo919

a9l9

mo919

a9l9

mo919

a9l9

mo919

a9l9

-pep

-pep

-pep

-pep

-pep

10 20 30 40 50 60
MKKYLFRAALYGIAAATLAACQSKSIQTFPOPDTSYINGPDRPVGI PDPAGTTVGGGGAY
COTLELEETE ELEEE P LR e
MKKYLFRAALCGIAAATLAACQSKSIQTFPOPDTSYINGPDRPVGI PDPAGTTVGGGGAY

10 20 30 40 50 60

70 80 90 100 110 120
YTVVPHLSLPHWAAQDFAKSLOSFRLGCANLKNRQGHODY CAQAFQTPVHSFOAKQFFER
CEELTEEETELE PP P L L LT T
YTVVPHLSLPHWARQDFAKSLOSFRLGCANLKNRQGWQDV CAQAFQTPVHSVOAKQFFER

70 80 90 100 110 120

130 140 150 160 170 180
YFTPWQVAGNGSLAGTVTGY YEPVLKGDDRRTAQARFPIYGI PDDFISVPLPAGLRSGKA
CETLEEEEEEEE P e e e e e e e e e e
YFTPWQVAGNGSLAGTVIGY YEPVLKGDDRRTAQARFPIYGI PDDFISVPLPAGLRSGKA

130 140 150 160 170 180

190 200 210 220 230 240
LVRIRQTGKNSGTIDNTGGTHTADLSRFPITARTTATIKGRFEGSRFLPYHTRNQINGGAL
CCLCUTLLCU DL CU DL LT
LVRIRQTGKNSGTIDNTGGTHTADLSQFPITARTTATIKGRFEGSRFLPYHTRNQINGGAL

190 200 210 220 230 240

250 260 270 280 290 300
DGKAPILGYAEDPVELFFMHIQGSGRLKTPSGKY IRIGYADKNEHPYVSIGRYMADKGYL
CETEETPELEREE LT
DGKAPILGYAEDPVELFFMHIQGSGRLKTPSGKY IRIGYADKNEHPYVSIGRYMADKGYL

250 260 270 280 290 300

88



mo919 .pep

a9l9

mo919 .pep

a9l9

mo919 .pep

a9l9

121 and 121-1
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-continued
310 320 330 340 350 360
KLGQTSMQGI KS YMRONPQRLAEVLGONPS YI FFRELAGS SNDGPVGALGTPLMGEYAGA
CEEVLUEEE ==L EEE e e e = et e e e
KLGQTSMQGI KAYMOONPQRLAEVLGQONPS YI FFRELTGS SNDGPVGALGTPLMGEYAGA
310 320 330 340 350 360
370 380 390 400 410 420
VDRHYITLGAPLFVATAHPVTRKALNRL IMAQDTGSAI KGAVRVDYFWGYGDEAGELAGK
CELLLELEEEEEEE LT e ettt e i rr
VDRHYITLGAPLFVATAHPVTRKALNRL IMAQDTGSAI KGAVRVDYFWGYGDEAGELAGK
370 380 390 400 410 420
430 440
QKTTGYVWQLLPNGMKPEYRPX
[ELVLULETEEEE e
QKTTGYVWQLLPNGMKPEYRPX
430 440

The following partial DNA sequence was identified in N.
meningitidis <SEQ ID 3075>:

ml2l.seq

1 ATGGAAACAC AGCTTTACAT CGGCATCATG TCGGGAACCA GCATGGACGG

51 GGCGGATGCC GTACTGATAC GGATGGACGG CGGCAAATGG CTGGGCGCGG

101 AAGGGCACGC CTTTACCCCC TACCCCGGCA GGTTACGCCG CCAATTGCTG

151 GATTTGCAGG ACACAGGCGC AGACGAACTG CACCGCAGCA GGATTTTGTC

201 GCAAGAACTC AGCCGCCTAT ATGCGCAAAC CGCCGCCGAA CTGCTGTGCA

251 GTCAAAACCT CGCACCGTCC GACATTACCG CCCTCGGCTG CCACGGGCAA

301 ACCGTCCGAC ACGCGCCGGA ACACGGTTAC AGCATACAGC TTGCCGATTT

351 GCCGCTGCTG GCG:

401

451

501

551

601 xxxXxxXCAGC TTCCTTACGA CAAAAACGGT GCAAAGTCGG CACAAGGCAA

651 CATATTGCCG CAACTGCTCG ACAGGCTGCT CGCCCACCCG TATTTCGCAC

701 AACGCCACCC TAAAAGCACG GGGCGCGAAC TGTTTGCCAT AAATTGGCTC

751 GAAACCTACC TTGACGGCGG CGAAAACCGA TACGACGTAT TGCGGACGCT

801 TTCCCGTTTT ACCGCGCAAA CCGTTTGCGA CGCCGTCTCA CACGCAGCGG

851 CAGATGCCCG TCAAATGTAC ATTTGCGACG GCGGCATCCG CAATCCTGTT

901 TTAATGGCGG ATTTGGCAGA ATGTTTCGGC ACACGCGTTT CCCTGCACAG

951 CACCGCCGAC CTGAACCTCG ATCCGCAATG GGTGGAAGCC GCCGnATTTG

1001 CGTGGTTGGC GGCGTGTTGG ATTAATCGCA TTCCCGGTAG TCCGCACAAA

1051 GCAACCGGCG CATCCAAACC GTGTATTCTG AnCGCGGGAT ATTATTATTG

1101 A

This corresponds to the amino acid sequence <SEQ 1D 3076;

ORF 121>:

ml2l.pep

1 METQLYIGIM SGTSMDGADA VLIRMDGGKW LGAEGHAFTP YPGRLRRQLL

51 DLODTGADEL HRSRILSQEL SRLYAQTAAE LLCSQONLAPS DITALGCHGQ

90



101

151

201

251

301

351

TVRHAPEHGY

91
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SIQLADLPLL

US 9,266,929 B2

A

XXQLPYDKNG

ETYLDGGENR

LMADLAECFG

ATGASKPCIL

AKSAQGNILP QLLDRLLAHP YFAQRHPKST

YDVLRTLSRF TAQTVCDAVS HAAADARQMY

TRVSLHSTAD LNLDPQWVEA AXFAWLAACW

XAGYYY+

The following partial DNA sequence was identified in N.
gonorrhoeae <SEQ ID 3077>:

gl2l.seq
1

51
101
151
201
251
301
351
401
451
501
551
601
651
701
751
801
851
901
951

1001
1051

1101

ATGGAAACAC
GGCGGATGCC
AAGGGCACGC
GATTTGCAGG
GCAAGAACTC
GTCAAAACCT
ACCGTCCGAC
GCCGCTGCTG
GCCGCGACCT
CACGAAGCCC
CGGCGGGATT
GCTTCGACAC
cacTGGecagc
catatTGCcg
AACCCcaccc
gaaacctAcc
ttcecgatte
CAGATGCCCG
TTAATGGCGG
CACCGCCGAA
cgtggttggC
GCGACCGGCG

A

AGCTTTACAT
GTGCTGGTAC
CTTTACCCCC
ACACAGGCAC
AGCCGCCTGT
CGCTCCGTGC
ACGCGCCGGA
GCGGAACTGa
TGCTGCCGGC
TGTTCCGCGA
GCCAACATCA
AGGGCCGGGTC
TGCCTTACGA
CAACTGCTCG
aaAARAGCACG
ttgacggcgg
accgcgcaah
TCAAATGTAC
ATTTGGCAGA
CTGAACCTCG
GGCGTGTTGG

CATCCAAACC

CGGCATTATG
GGATGGACGG
TACCCTGACC
AGACGAACTG
ACGCGCAAAC
GACATTACCG
ACACGGTtac
cgcggatttT
GGacaAGGTG
TGACAGGGAA
GCGTACTCCC
AATATGCTGA
CAAARacggt
gcaggctGCT
GGgceGCGaac
cgaaaaccga
ccgTttggga
ATTTGCGGCG
ATGTTTCGGC
ATCCTCAATG
ATTAACCGCA

GTGTATTCTG

TCGGGAACCA
CGGCAAATGG
GGTTGCGCCG
CACCGCAGCA
CGCCGCCGAA
CCCTCGGCTG
AGCATACAGC
TACCGTCggc
CGCCGCTCGT
ACACGCGTGG
CCCCGGlata
TGGAcgcgtg
gcARAGgCgY
CGCCcaccCG
TgtttgcecT
tacgacgtat
cgeegtetea
GCGGCATCCG
ACACGCGTTT
GGTGGAGGCG
TTCCCGGTAG

GGCGCGGGAT

This corresponds to the amino acid sequence <SEQ 1D 3078;

ORF 121.

gl2l.pep
1

51

101

151

201

ng>:

METQLYIGIM
DLQDTGTDEL
TVRHAPEHGY
HEALFRDDRE

HWQLPYDKNG

SGTSMDGADA

HRSRMLSQEL

SIQLADLPLL

TRVVLNIGGI

AKAAQGNILP

VLVRMDGGKW

SRLYAQTAAE

AELTRIFTVG

ANISVLPPGA

QLLGRLLAHP

LGAEGHAFTP

LLCSQNLAPC

DFRSRDLAAG

PAFGFDTGPG

YFSQPHPKST

GRELFAINWL
ICDGGIRNPV

INRIPGSPHK

GTATGGACGG
CTGGGCGCGG
CAAATTGCTG
GGATGTTGTC
CTGCTGTGCA
CCACGGGCAA
TTGCCGATTT
gacttcCGCA
CCCCGCCTTT
TACTGAACAT
CCCGCCTTCG
gacgcaggca
cacAAGGCAA
TATTTCTCAC
ARattggcte
tgcggacget
CACGCAGCGG
CAATCCTGTT
CCCTGCACAG
gccgCATTEy
TCCGCACAAA

ATTATTATTG

55

YPDRLRRKLL

DITALGCHGQ

GQGAPLVPAF

NMLMDAWTQA

GRELFALNWL

92
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251 ETYLDGGENR YDVLRTLSRF TAQTVWDAVS HAAADARQMY ICGGGIRNPV
301 LMADLAECFG TRVSLHSTAE LNLDPQWVEA AAFAWLAACW INRIPGSPHK

351 ATGASKPCIL GAGYYY*

ORF 121 shows 73.5% identity over a 366 aa overlap with a
predicted ORF (ORF121.ng) from N. gonorrhoeae:

mi21/g121
10 20 30 40 50 60
mi2l.pep METQLYIGIMSGTSMDGADAVLIRMDGGKWLGAEGHAFTPYPGRLRROLLDLODTGADEL

glzal METQLYIGIMSGTSMDGADAVLVRMDGGKWLGAEGHAFTPYPDRLRRKLLDLQDTGTDEL
10 20 30 40 50 60
70 80 90 100 110 120

ml2l.pep HRSRILSQELSRLYAQTAAELLCSQNLAPSDITALGCHGQTVRHAPEHGYSIQLADLPLL

glzal HRSRMLSQELSRLYAQTAAELLCSQNLAPCDI TALGCHGQTVRHAPEHGYSIQLADLPLL
70 80 90 100 110 120
130 140 150 160 170 180

ml21l -pep ):9:9.0:0.0.9.0:9.0.90.0:9.0.90.90.00.00.9.0.00.0000.0000000000000000000000000000804

glzal AELTRIFTVGDFRSRDLAAGGQGAPLVPAFHEALFRDDRETRVVLNIGGIANISVLPPGA

130 140 150 160 170 180
190 200 210 220 230 240

ml2l.pep xxxxxxxxxxxxxxxxxxxxxeLPYDKNGAKSAQGNILPQLLDRLLAHPYFAQRHPKST

glzal PAFGFDTGPGNMLMDAWTQAHWQLPYDKNGAKAAQGNILPQLLGRLLAHPYFSQPHPKST

190 200 210 220 230 240
250 260 270 280 290 300

ml21l.pep GRELFAINWLETYLDGGENRYDVLRTLSRFTAQTVCDAVSHAAADARQMYICDGGIRNPV

glzal GRELFALNWLETYLDGGENRYDVLRTLSRFTAQTVWDAVSHAAADARQMY ICGGGIRNPV
250 260 270 280 290 300
310 320 330 340 350 360

ml2l.pep LMADLAECFGTRVSLHSTADLNLDPQWVEAAXFAWLAACWINRIPGSPHKATGASKPCIL

glzal LMADLAECFGTRVSLHSTAELNLDPQWVEAAAFAWLAACWINRIPGSPHKATGASKPCIL
310 320 330 340 350 360

ml2l.pep XAGYYYX

glzal GAGYYYX

The following partial DNA sequence was identified in N.
meningitidis <SEQ ID 3079>:

alZlafquTGGAAACAC AGCTTTACAT CGGCATCATG TCGGGAACCA GCATGGACGG
51 GGCGGATGCC GTACTGATAC GGATGGACGG CGGCAAATGG CTGGGCGCGG
101 AAGGGCACGC CTTTACCCCC TACCCCGGCA GGTTACGCCG CAAATTGCTG
151 GATTTGCAGG ACACAGGCGC GGACGAACTG CACCGCAGCA GGATGTTGTC
201 GCAAGAACTC AGCCGCCTGT ACGCGCAAAC CGCCGCCGAA CTGCTGTGCA
251 GTCAAAACCT CGCGCCGTCC GACATTACCG CCCTCGGCTG CCACGGGCAA
301 ACCGTCAGAC ACGCGCCGGA ACACAGTTAC AGCGTACAGC TTGCCGATTT
351 GCCGCTGCTG GCGGAACGGA CTCAGATTTT TACCGTCGGC GACTTCCGCA
401 GCCGCGACCT TGCGGCCGGC GGACAAGGCG CGCCGCTCGT CCCCGCCTTT
451 CACGAAGCCC TGTTCCGCGA CGACAGGGAA ACACGCGCGG TACTGAACAT
501 CGGCGGGATT GCCAACATCA GCGTACTCCC CCCCGACGCA CCCGCCTTCG
551 GCTTCGACAC AGGACCGGGC AATATGCTGA TGGACGCGTG GATGCAGGCA

601 CACTGGCAGC TTCCTTACGA CAAAAACGGT GCAAAGGCGG CACAAGGCAA



651

701

751

801

851

901

951

1001

1051

1101
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CATATTGCCG CAACTGCTCG ACAGGCTGCT CGCCCACCCG TATTTCGCAC

AACCCCACCC TAAAAGCACG GGGCGCGAAC TGTTTGCCCT AAATTGGCTC

GAAACCTACC TTGACGGCGG CGAAAACCGA TACGACGTAT TGCGGACGCT

TTCCCGATTC ACCGCGCAAA CCGTTTTCGA CGCCGTCTCA CACGCAGCGG

CAGATGCCCG TCAAATGTAC ATTTGCGGCG GCGGCATCCG CAATCCTGTT

TTAATGGCGG ATTTGGCAGA ATGTTTCGGC ACACGCGTTT CCCTGCACAG

CACCGCCGAA CTGAACCTCG ATCCGCAATG GGTAGAAGCC GCCGCGTTCG

CATGGATGGC GGCGTGTTGG GTCAACCGCA TTCCCGGTAG TCCGCACAAA

GCAACCGGCG CATCCAAACC GTGTATTCTG GGCGCGGGAT ATTATTATTG

A

This corresponds to the amino acid sequence <SEQ ID 3080;

ORF 121.

alzl.pep
1

51
101
151
201
251
301

351

a>:

METQLYIGIM SGTSMDGADA VLIRMDGGKW LGAEGHAFTP YPGRLRRKLL

DLODTGADEL HRSRMLSQEL SRLYAQTAAE LLCSQONLAPS DITALGCHGQ

TVRHAPEHSY SVQLADLPLL AERTQIFTVG DFRSRDLAAG GQGAPLVPAF

HEALFRDDRE TRAVLNIGGI ANISVLPPDA PAFGFDTGPG NMLMDAWMQA

HWQLPYDKNG AKAAQGNILP QLLDRLLAHP YFAQPHPKST GRELFALNWL

ETYLDGGENR YDVLRTLSRF TAQTVFDAVS HAAADARQMY ICGGGIRNPV

LMADLAECFG TRVSLHSTAE LNLDPQWVEA AAFAWMAACW VNRIPGSPHK

ATGASKPCIL GAGYYY*

m121/al121 74.0% identity in 366 aa overlap

ml21

alzal

ml21

alzal

ml21

alzal

ml21

alzal

ml21

alzal

ml21

alzal

ml21

alzal

-pep

-pep

-pep

-pep

-pep

-pep

-pep

10 20 30 40 50 60
METQLYIGIMSGTSMDGADAVLIRMDGGKWLGAEGHAFTPYPGRLRRQLLDLODTGADEL
NN
METQLYIGIMSGTSMDGADAVLIRMDGGKWLGAEGHAFTPYPGRLRRKLLDLQDTGADEL

10 20 30 40 50 60

70 80 90 100 110 120
HRSRILSQELSRLYAQTAAELLCSQNLAPSDITALGCHGQTVRHAPEHGYSIQLADLPLL

CETE U LT PP = L= AT
HRSRMLSQELSRLYAQTARELLCSONLAPSDI TALGCHGQTVRHAPEHSY SVOLADLPLL
70 80 90 100 110 120
130 140 150 160 170 180
J:9.9.9:9:0.0.0:0:0.0.0:0:0.0.0:0.0:0:0.0.0:0:0.00:0:0.0.0:0:0.9:0.0.0:0:0.0.0:0:0.00:0:0.09:0:0:0:0.0.0:0:0.0.0:0:0 ¢

AERTQIFTVGDFRSRDLAAGGQGAPLVPAFHEALFRDDRETRAVLNIGGIANISVLPPDA
130 140 150 160 170 180

190 200 210 220 230 240
xxxxxxxxxxxxxxxxxxxxxeLPYDKNGAKSAQGNILPQLLDRLLAHPYFAQRHPKST
[ETDTTEETE= LT e 11
PAFGFDTGPGNMLMDAWMQAHWQLPYDKNGAKAAQGNILPQLLDRLLAHPYFAQPHPKST
190 200 210 220 230 240

250 260 270 280 290 300
GRELFAINWLETYLDGGENRYDVLRTLSREFTAQTVCDAVSHAAADARQMY ICDGGIRNPYV
CETPET=CELEE TP LT PP T
GRELFALNWLETYLDGGENRYDVLRTLSRFTAQTVFDAVSHAAADARQMY ICGGGIRNPYV
250 260 270 280 290 300

310 320 330 340 350 360
LMADLAECFGTRVSLHSTADLNLDPQWVEAAXFAWLAACWINRIPGSPHKATGASKPCIL

CETLETLELELEL T = TP e = P LT
LMADLAECFGTRVSLHSTAELNLDPQWVEARAFANMAACWVNRI PGSPHKATGASKPCIL
310 320 330 340 350 360

XAGYYYX

GAGYYYX

96



The following partial DNA sequence

97

meningitidis <SEQ ID 3081>:

ml2l-1.seq
1

51
101
151
201
251
301
351
401
451
501
551
601
651
701
751
801
851
901
951

1001
1051

1101

ATGGAAACAC

GGCGGATGCC

AAGGGCACGC

GATTTGCAGG

GCAAGAACTC

GTCAAAACCT

ACCGTCCGAC

GCCGCTGCTG

GCCGCGACCT

CACGAAGCCC

CGGCGGGATT

GCTTCGACAC

CACTGGCAGC

CATATTGCCG

AACCCCACCC

GAAACCTACC

TTCCCGTTTT

CAGATGCCCG

TTAATGGCGG

CACCGCCGAC

CGTGGTTGGC

GCAACCGGCG

A

AGCTTTACAT

GTACTGATAC

CTTTACCCCC

ACACAGGCGC

AGCCGCCTAT

CGCACCGTCC

ACGCGCCGGA

GCGGAACGGA

TGCGGCCGGC

TGTTCCGCGA

GCCAACATCA

AGGGCCGGGC

TTCCTTACGA

CAACTGCTCG

TAAAAGCACG

TTGACGGCGG

ACCGCGCAAR

TCAAATGTAC

ATTTGGCAGA

CTGAACCTCG

GGCGTGTTGG

CATCCARACC

US 9,266,929 B2

was identified in N.

CGGCATCATG

GGATGGACGG

TACCCCGGCA

AGACGAACTG

ATGCGCAAAC

GACATTACCG

ACACGGTTAC

CGCGGATTTT

GGACAAGGCG

CAACAGGGAA

GCGTACTCCC

AATATGCTGA

CAAAAACGGT

ACAGGCTGCT

GGGCGCGAAC

CGAAAACCGA

CCGTTTGCGA

ATTTGCGGCG

ATGTTTCGGC

ATCCGCAATG

ATTAATCGCA

GTGTATTCTG

TCGGGAACCA

CGGCAAATGG

GGTTACGCCG

CACCGCAGCA

CGCCGCCGAA

CCCTCGGCTG

AGCATACAGC

TACCGTCGGC

CGCCACTCGT

ACACGCGCGG

CCCCGACGCA

TGGACGCGTG

GCAAAGGCGG

CGCCCACCCG

TGTTTGCCCT

TACGACGTAT

CGCCGTCTCA

GCGGCATCCG

ACACGCGTTT

GGTGGAAGCC

TTCCCGGTAG

ANCGCGGGAT

This corresponds to the amino acid sequence <SEQ 1D 3082;

ORF 121-1>:

ml21-1.pep
1

51
101
151
201
251
301

351

METQLYIGIM

DLQDTGADEL

TVRHAPEHGY

HEALFRDNRE

HWQLPYDKNG

ETYLDGGENR

LMADLAECFG

ATGASKPCIL

SGTSMDGADA
HRSRILSQEL
SIQLADLPLL
TRAVLNIGGI
AKAAQGNILP
YDVLRTLSRF
TRVSLHSTAD

XAGYYY*

VLIRMDGGKW

SRLYAQTAAE

AERTRIFTVG

ANISVLPPDA

QLLDRLLAHP

TAQTVCDAVS

LNLDPQWVEA

m121-1/g121 95.6% identity in 366 aa overlap

LGAEGHAFTP

LLCSQNLAPS

DFRSRDLAAG

PAFGFDTGPG

YFAQPHPKST

HAAADARQMY

AXFAWLAACW

GCATGGACGG

CTGGGCGCGG

CCAATTGCTG

GGATTTTGTC

CTGCTGTGCA

CCACGGGCAA

TTGCCGATTT

GACTTCCGCA

CCCCGCCTTT

TACTGAACAT

CCCGCCTTCG

GACGCAGGCA

CACAAGGCAA

TATTTCGCAC

ARATTGGCTC

TGCGGACGCT

CACGCAGCGG

CAATCCTGTT

CCCTGCACAG

GCCGNATTTG

TCCGCACAAA

ATTATTATTG

YPGRLRRQLL

DITALGCHGQ

GQGAPLVPAF

NMLMDAWTQA

GRELFALNWL

ICGGGIRNPV

INRIPGSPHK



ml21-1.

gi21

ml21-1.

gi21

ml21-1.

gi21

ml21-1.

gi21

ml21-1.

gi21

mi21-1.
gi21

ml21-1.

gi21

bep

bep

bep

bep

bep

bep

bep

US 9,266,929 B2
99

10 20 30 40 50 60
METQLYIGIMSGTSMDGADAVLIRMDGGKWLGAEGHAFTPYPGRLRRQLLDLODTGADEL
CCLLCUUULL L= DL T T =
METQLYIGIMSGTSMDGADAVLVRMDGGKWLGAEGHAFTPYPDRLRRKLLDLQDTGTDEL

10 20 30 40 50 60

70 80 90 100 110 120
HRSRILSQELSRLYAQTAAELLCSQONLAPSDITALGCHGQTVRHAPEHGYSIQLADLPLL
CLECUCUDCT DD LT
HRSRMLSQELSRLYAQTAAELLCSONLAPCDITALGCHGQTVRHAPEHGYSIQLADLPLL

70 80 90 100 110 120

130 140 150 160 170 180
AERTRIFTVGDFRSRDLAAGGQGAPLVPAFHEALFRDNRETRAVLNIGGIANISVLPPDA
CETTTEEEER T P LT P = PR = LT |
AELTRIFTVGDFRSRDLAAGGQGAPLVPAFHEALFRDDRETRVVLNIGGIANISVLPPGA
130 140 150 160 170 180
190 200 210 220 230 240
PAFGFDTGPGNMLMDAWTQAHWOLPY DKNGAKAAQGNT LPOLLDRLLAHPYFAQPHPKST
CETLEERELEE P LR PP TP
PAFGFDTGPGNMLMDAWTQAHWOLPYDKNGAKAAQGNT LPQLLGRLLAHPYFSQPHPKST
190 200 210 220 230 240
250 260 270 280 290 300
GRELFALNWLETYLDGGENR YDVLRTLSRETAQTVCDAVSHARADAROMY I CGGGIRNPY
CETPEEEECEREE TP T TP ]
GRELFALNWLETYLDGGENR YDVLRTLSRETAQTVWDAVSHARADAROMY I CGGGIRNPY
250 260 270 280 290 300
310 320 330 340 350 360
LMADLAECFGTRVSLHGTADLNLD PQWVEAAXFANLAACKW INRI PGSPHKATGAGKPCIL

CEPLETEERETEE T = TP L e e e
LMADLAECFGTRVSLHGTAELNLDPQWVEARAFANLAACK INRI PGSPHKATGAGKPCIL
310 320 330 340 350 360

XAGYYYX

GAGYYYX

30

The following partial DNA sequence was identified in N.
meningitidis <SEQ ID 3083>:

alzl-1.seq
1

51
101
151
201
251
301
351
401
451
501
551
601
651
701
751
801
851
901

951

ATGGAAACAC AGCTTTACAT CGGCATCATG TCGGGAACCA GCATGGACGG

GGCGGATGCC GTACTGATAC GGATGGACGG CGGCAAATGG CTGGGCGCGG

AAGGGCACGC CTTTACCCCC TACCCCGGCA GGTTACGCCG CAAATTGCTG

GATTTGCAGG ACACAGGCGC GGACGAACTG CACCGCAGCA GGATGTTGTC

GCAAGAACTC AGCCGCCTGT ACGCGCAAAC CGCCGCCGAA CTGCTGTGCA

GTCAAAACCT CGCGCCGTCC GACATTACCG CCCTCGGCTG CCACGGGCAA

ACCGTCAGAC ACGCGCCGGA ACACAGTTAC AGCGTACAGC TTGCCGATTT

GCCGCTGCTG GCGGAACGGA CTCAGATTTT TACCGTCGGC GACTTCCGCA

GCCGCGACCT TGCGGCCGGC GGACAAGGCG CGCCGCTCGT CCCCGCCTTT

CACGAAGCCC TGTTCCGCGA CGACAGGGAA ACACGCGCGG TACTGAACAT

CGGCGGGATT GCCAACATCA GCGTACTCCC CCCCGACGCA CCCGCCTTCG

GCTTCGACAC AGGACCGGGC AATATGCTGA TGGACGCGTG GATGCAGGCA

CACTGGCAGC TTCCTTACGA CAAAAACGGT GCAAAGGCGG CACAAGGCAA

CATATTGCCG CAACTGCTCG ACAGGCTGCT CGCCCACCCG TATTTCGCAC

AACCCCACCC TAAAAGCACG GGGCGCGAAC TGTTTGCCCT AAATTGGCTC

GAAACCTACC TTGACGGCGG CGAAAACCGA TACGACGTAT TGCGGACGCT

TTCCCGATTC ACCGCGCAAA CCGTTTTCGA CGCCGTCTCA CACGCAGCGG

CAGATGCCCG TCAAATGTAC ATTTGCGGCG GCGGCATCCG CAATCCTGTT

TTAATGGCGG ATTTGGCAGA ATGTTTCGGC ACACGCGTTT CCCTGCACAG

CACCGCCGAA CTGAACCTCG ATCCGCAATG GGTAGAAGCC GCCGCGTTCG

100



1001

1051

1101

US 9,266,929 B2
101

-continued

CATGGATGGC GGCGTGTTGG GTCAACCGCA TTCCCGGTAG TCCGCACAAA

GCAACCGGCG CATCCAAACC GTGTATTCTG GGCGCGGGAT ATTATTATTG

A

This corresponds to the amino acid sequence <SEQ 1D 3084;
ORF 121-1.a>:

alzl-1.pep

1

METQLYIGIM SGTSMDGADA VLIRMDGGKW LGAEGHAFTP YPGRLRRKLL

51 DLODTGADEL HRSRMLSQEL SRLYAQTAAE LLCSQNLAPS DITALGCHGQ
101 TVRHAPEHSY SVQLADLPLL AERTQIFTVG DFRSRDLAAG GQGAPLVPAF
151 HEALFRDDRE TRAVLNIGGI ANISVLPPDA PAFGFDTGPG NMLMDAWMOA
201 HWQLPYDKNG AKAAQGNILP QLLDRLLAHP YFAQPHPKST GRELFALNWL
251 ETYLDGGENR YDVLRTLSRF TAQTVFDAVS HAAADARQMY ICGGGIRNPV
301 LMADLAECFG TRVSLHSTAE LNLDPQWVEA AAFAWMAACW VNRIPGSPHK
351 ATGASKPCIL GAGYYY*
25
ml121-1/a121-1 96.4% identity in 366 aa overlap
10 20 30 40 50 60

ml21

alzal

ml21

alzal

ml21

alzal

ml21

alzal

ml21

alzal

ml21

alzal

ml21

alzal

128 and 1

-1.pep

-1

-1.pep

-1

-1.pep

-1

-1.pep

-1

-1.pep

-1

-1.pep

-1.pep

28-1

METQLYIGIMSGTSMDGADAVLIRMDGGKWLGAEGHAFTPYPGRLRRQLLDLODTGADEL
NN
METQLYIGIMSGTSMDGADAVLIRMDGGKWLGAEGHAFTPYPGRLRRKLLDLQDTGADEL

10 20 30 40 50 60

70 80 90 100 110 120
HRSRILSQELSRLYAQTAAELLCSQONLAPSDITALGCHGQTVRHAPEHGYSIQLADLPLL
O UL DL DL L T
HRSRMLSQELSRLYAQTAAELLCSONLAPSDITALGCHGQTVRHAPEHSYSVQLADLPLL

70 80 90 100 110 120

130 140 150 160 170 180
AERTRIFTVGDFRSRDLAAGGQGAPLVPAFHEALFRDNRETRAVLNIGGIANISVLPPDA
O LD LT
AERTQIFTVGDFRSRDLAAGGQGAPLVPAFHEALFRDDRETRAVLNIGGIANISVLPPDA

130 140 150 160 170 180

190 200 210 220 230 240
PAFGFDTGPGNMLMDAWTQAHWOLPY DKNGAKAAQGNT LPOLLDRLLAHPYFAQPHPKST
CELLEERELEE P T LR PP
PAFGFDTGPGNMLMDAWMQAHWOLPYDKNGAKAAQGNT LPQLLDRLLAHPYFAQPHPKST

190 200 210 220 230 240

250 260 270 280 290 300
GRELFALNWLETYLDGGENR YDVLRTLSRETAQTVCDAVSHARADAROMY I CGGGIRNPY
CETPEEEECEREE TP L PP ]
GRELFALNWLETYLDGGENR YDVLRTLSRETAQTVFDAVSHARADARQOMY I CGGGIRNPY

250 260 270 280 290 300

310 320 330 340 350 360
LMADLAECFGTRVSLHSTADLNLDPQWVEAAXFAWLAACWINRIPGSPHKATGASKPCIL

CETLETEEREREE T = TP = P LT L]
LMADLAECFGTRVSLHSTAELNLDPQWVEARAFANMAACWVNRI PGSPHKATGASKPCIL
310 320 330 340 350 360

XAGYYYX

GAGYYYX

The following partial DNA sequence was identified in N.
meningitidis <SEQ ID 3085>:

ml28.seq
1

51

(partial)
ATGACTGACA ACGCACTGCT CCATTTGGGC GAAGAACCCC GTTTTGATCA

AATCAAAACC GAAGACATCA AACCCGCCCT GCAAACCGCC ATCGCCGAAG

102



101

151

201

251

301

351

51

101

151

201

251

301

351

401

451

501

551

601

651

701

751

801

851

901

951

1001

CGCGCGAACA
AACACTGTCG
GGGCGTGGTG
CCGTCTATAA
GGACAAGACA
CGAATTCGAC
TACGCCAGCG
WGTCAAAAAR
AAMTCAAAAR
TGGCACAAAG
AGGCGGCGTT
CGTGGATGAA
CAAYyTGCCCA
CAGGGAAGCC
CCGGACACGG
TCCGGCATCA
TATGGAAAAT
ACGAAGAAAC
GCCGCCAAAA
CGCCCTCTTT
AAAACTGGCA
CAGCCGCCCG
AGGCGGCTAT
GCGCGGACGC
GGCAAACGCT
nGCAGAATCC

TCTTGCGCCA

103

-continued

AATCGCCGCC
AACCCCTGAC
TCGCACCTCA
CGAACTGATG
TCGAGCTGTA
ACCCTCTCCC
AARRACTGCG
TAYTTCCCYG
ACTMTACGGC
ACGTGCGCTA
TATATGGATT
CGACTACAAA
CCGCCTACCT
CGCYTGAGCC
GCTGCACCAC
ACGGCGTAKA
TTCGTTTGGG
CGGegTTCCC
ACTTCCAASG
GATATGATGA
ACAGGTTTTA
AATACAACCG
TCCGCAGCTn
ATACGCCGCC
TTTGGCAGGA
TTCAAAGCCT

CAGCGGTTTC

ATCAAAGCCC
CGGCATCACC
ACTGCGTCGC
CCCGAAATCA
CAACCGCTTC
CCGCACAAAR
CGAAGCCAARA
TCGGCAAWGT
ATCGGATTTA
TTkTGAATTG
TGTACGCACG
GGCCGCCGCC
CGTCTGCAAC
ACGACGAAAT
CTGCTTACCC
ATGGGACGCG
AATACAATGT
YTGCCGAARAG
CGGCATGTTC
TTTACAGCGA
GACAGCGTGC
CTTCGCCTTG
ATTACAGCTA
TTTGAAGAAA
AATCCTCGCC
TCCGCGGCCG

GACAACGCGG

US 9,266,929 B2

AAACGCACAC
GAACGCGTCG
CGACACGCCC
CCGTCTTCTT
AAAACCATCA
AACCAAACTC
TACGCGTTCA
ATTAAACGGA
CCGAAARAANC
CAACAAAACG
CGAAGGCAARA
GTTTTTCAGA
TTCGCCCCAC
CCTCATCCTC
AAGTGGACGA
GTCGAACTGC
CTTGGCACAA
AACTCTTsGA
yTeGTCCGGC
AGACGACGAA
GCAAAAAAGT
AGCTTCGGCC
CGCGTGGGCG
GCGACGATGT
GTCGGGGNAT
CGAACCGAGC

TCTGA

This corresponds to the amino acid sequence <SEQ 1D 3086;

ORF 128>:
ml28.pep (partial)
1 MTDNALLHLG
51 NTVEPLTGIT
101 GQDIELYNRF

//

1 YASEKLREAK
51 WHKDVRYXEL
101 QLPTAYLVCN
151 SGINGVXWDA
201 AAKNFQXGMF
251 QPPEYNRFAL
301 GKRFWQEILA

EEPRFDQIKT

ERVGRIWGVV

KTIKNSPEFD

YAFSETXVKK

QONGEXIGGV

FAPPVGGREA

VELPSQFMEN

XVRQXEFALF

SFGHIFAGGY

VGXSRSGAES

EDIKPALQTA

SHLNCVADTP

TLSPAQKTKL

YFPVGXVLNG

YMDLYAREGK

RLSHDEILIL

FVWEYNVLAQ

DMMIYSEDDE

SAAXYSYAWA

FKAFRGREPS

IAEAREQIAA

ELRAVYNELM

NH

LFAQXKKLYG

RGGAWMNDYK

FHETGHGLHH

XSAHEETGVP

GRLKNWQQVL

EVLSADAYAA

IDALLRHSGF

CGGCTGGGCA
GCAGGATTTG
GAACTGCGCG
CACCGARATC
AAAATTCCCC
AACCAC

GCGAAACCGA
CTGTTCGCCC
YGTCCCCGTC
GCGAAMCCAT
CGCGGCGGCG
CGGCACGCTG
CCGTCGGCGG
TTCCACGAAA
ACTGGGCGTA
CCAGCCAGTT
mTGTCAGCCC
CAAAWTGCTC
AAWTGGAGTT
GGCCGTCTGA
CGCCGTCATC
ACATCTTCGC
GAAGTATTGA
CGCCGCCACA
CGCGCAGCGG

ATAGACGCAC

45

IKAQTHTGWA

PEITVFFTEI

IGFTEKTVPV
GRRRFSDGTL
LLTQVDELGV
LPKELXDKXL
DSVRKKVAVI
FEESDDVAAT

DNAV*

104



105

US 9,266,929 B2

The following partial DNA sequence was identified in N.
gonorrhoeae <SEQ ID 3087>:

gl28.seq
1

51
101
151
201
251
301
351
401
451
501
551
601
651
701
751
801
851
901
951

1001
1051
1101
1151
1201
1251
1301
1351
1401
1451
1501
1551
1601
1651
1701
1751
1801
1851

1901

atgattgaca
aatccaaacc
CGCGCGGACA
AACACCGTCG
GGGCGTCGTG
CCGTCTATAA
GGACAAGACA
CGAATTTGCA
TGCGCGATTT
GAACTGGCAA
CCAAAACGTC
CCGCACCGCT
GCCGCGCAAA
GCACTACCTT
AAATCTACCG
AAATTCGACA
AACCGccaaa
CCAARAATGGC
GCCCGCCGCG
CTTCGCCCGC
GCTACGCCGG
GAAGTCAAAA
CCAAATCAAR
TCTGGCACAA
ATCGGCGGCG
CGCGTGGATG
TGCAACTGCC
GGCAAAGAAG
AacCGGCCAC
TGTCCGGCAT
TTTATGGAAA
CCACGAAGAA
TcgeCGCCAA
TTCGCCCTCT
GAAAAACTGG
TCCAACCGCC
GCcggceGGCT
CAGCACCGAT

CAGGCAAACG

acgCActgcet
gaagACAtca
AATCGCCGCC
AGCGTCTGAC
TCCCATCTCA
CGAACTGATG
TCGAACTGTA
ACGCTTTCCC
CGTATTGAGC
AACTGCAAAC
CTAGACGCGA
TGCCGGCATT
GCGAAGGCAA
GCCGTTATCC
CGCCTACGTT
ACACCGCCAA
CTGCTCGGCT
GGACACGCCC
CCAAACCCTA
GAACACCTCG
CGAAARACTG
AATACTTCCC
AAACTCTACG
AGACGTGCGC
TTTATATGGA
AACGACtaca
CACCGCCTAC
CGCGTTTAAG
GGACTGCACC
CAAcggcgtA
ACTTCGTTTG
AccgGCGAGC
AAACTTCCAG
TCGATATGAT
CAGCAGGTTT
CGAATACAAC
ATTCCGCAGG
GCCTACGCCG

CTTCTGGCAA

ccacttggge
AACCCGCCGT
GTCAAAGCGC
CGGCATCACC
ACTCCGTCGT
CCTGAAATCA
CAACCGCTTC
CCGCACAAAR
GGCGCGGAAC
CGAAGGCGCG
CCGACGCGTT
CCCGAAGACG
AACAGGTTAC
AATACGCCGG
ACCCGTGCCA
CATCGACCGC
TTAAAAATTA
GAACAGGTTT
CGCCGAAARR
GTCTCGCCGA
CGCGAAGCCA
CGTCGGCAAA
GCATCGGATT
TATTTTGAAT
TTTGTACGCA
AAGGCCGCCG
CTCGTCTGCA
CCACGACGAA
ACCTGCTTAC
GAATGGGACG
GGAATACAAT
CCCTGCCGAA
CGCGGTATGT
GATTTACAGT
TAGACAGCGT
CGCTTCGCCA
CTATTACAGC
CCTTTGAAGA

GAAAtccttyg

gaagaaccCC
CCAAACCGCC
AAACGCACAC
GAACGCGTCG
CGACACGCCC
CCGTCTTCTT
AAAACCATCA
AACCAAGCTC
TGCCGCCCGA
CAACTTTCCG
CGGCATTTAC
CGCTCGCCAT
AAAATCGGCT
CAACCGCGAA
GCGAACTTTC
ACGCTCGAAA
CGCCGAATTG
TAAACTTCCT
GACCTCGCCG
CCCGCAGCCG
AATACGCATT
GTTCTGGCAG
CGCCGAAAAR
TGCAACAAAR
CGCGAAGGCA
CCGCTTTGCC
ACTTCGCCCC
ATCCTCACCC
CCAAGTGGAC
CGGTCGAACT
GTATTGGCAC
AGAACTCTTC
TCCTCGTCCG
GAAAGCGACG
GCGCAAAGAA
ACAGCTTCGG
TACGCATGGG

AAGCGACGac

CCgthgng

GTTTTaatca
ATCGCCGAAG
CGGCTGGGCG
GCAGGATTTG
GAACTGCGCG
CACCGARATC
AAAATTCCCC
GATCACGACC
ACGGCAGGCA
CCAAATTCTC
TTTGACGATG
GTTTGCCGCC
TGCAGATTCC
CTGCGCGAAC
AAACGACGGC
ACGCATTGAA
TCGCTGGCAA
GCACGACCTC
AAGTCAAAGC
TGGGACTTGA
CAGCGAAACC
GCCTGTTCGC
ACCGTTCCCG
CGGCAARACC
AACGCGGCGG
GACGgcacGC
GCCCGTCGGC
TCTTCCACGA
GAACTGGGCG
GCCCAGCCAG
AAATGTCCGC
GACAAAATGC
GCAAATGGAG
AATGCCGTCT
GTcGCCGTCA
CCacatctTC
CCGAAGTCCt
gt cGCCGCCA

ctCCCGCAGC
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1951

2001

US 9,266,929 B2
107

-continued

gcgGCGGAAT CCTTCAAAGC CTTCCGCGGA CGCGAACCGA GCATAGACGC

ACTGCTGCGC ChaageggtT TCGACAACGC gGCttgA

This corresponds to the amino acid sequence <SEQ ID 3088;

ORF 128.

gl28.pep
1

51
101
151
201
251
301
351
401
451
501
551
601

651

ng>:

MIDNALLHLG EEPRFNQIQT EDIKPAVQTA IAEARGQIAA VKAQTHTGWA

NTVERLTGIT ERVGRIWGVV SHLNSVVDTP ELRAVYNELM PEITVFFTEI

GQDIELYNRF KTIKNSPEFA TLSPAQKTKL DHDLRDFVLS GAELPPERQA

ELAKLQTEGA QLSAKFSQONV LDATDAFGIY FDDAAPLAGI PEDALAMFAA

AAQSEGKTGY KIGLQIPHYL AVIQYAGNRE LREQIYRAYV TRASELSNDG

KFDNTANIDR TLENALKTAK LLGFKNYAEL SLATKMADTP EQVLNFLHDL

ARRAKPYAEK DLAEVKAFAR EHLGLADPQP WDLSYAGEKL REAKYAFSET

EVKKYFPVGK VLAGLFAQIK KLYGIGFAEK TVPVWHKDVR YFELQQNGKT

IGGVYMDLYA REGKRGGAWM NDYKGRRRFA DGTLQLPTAY LVCNFAPPVG

GKEARLSHDE ILTLFHETGH GLHHLLTQVD ELGVSGINGV EWDAVELPSQ

FMENFVWEYN VLAQMSAHEE TGEPLPKELF DKMLAAKNFQ RGMFLVRQME

FALFDMMIYS ESDECRLKNW QQVLDSVRKE VAVIQPPEYN RFANSFGHIF

AGGYSAGYYS YAWAEVLSTD AYAAFEESDD VAATGKRFWQ EILAVGGSRS

AAESFKAFRG REPSIDALLR QSGFDNAA*

ORF 128 shows 91.7% identity over a 475 aa overlap with a
predicted ORF (ORF 128.ng) from N. gonorrhoeae:

m128/g128

g128

ml28

g128

ml28

g128

ml28

g128

ml28

g128

ml28

g128

ml28

-pep

-pep

-pep

-pep

-pep

-pep

10 20 30 40 50 60
MIDNALLHLGEEPRFNQIQTEDIKPAVQTATAEARGQIAAVKAQTHTGWANTVERLTGIT
LD D OO =T T LT T
MTDNALLHLGEEPRFDQIKTEDIKPALQTATAEAREQIAATKAQTHTGWANTVEPLTGIT

10 20 30 40 50 60

70 80 90 100 110 120
ERVGRIWGVVSHLNSVVDTPELRAVYNELMPEITVFFTEIGQDIELYNRFKTIKNSPEFA
NN
ERVGRIWGVVSHLNCVADTPELRAVYNELMPEITVFFTEIGQDIELYNRFKTIKNSPEFD

70 80 90 100 110 120

130 140 150 160 170 180
TLSPAQKTKLDHDLRDFVLSGAELPPERQAELAKLQTEGAQLSAKFSQNVLDATDAFGIY

TLSPAQKTKLNH
130
/7

340 350 360
YAGEKLREAKYAFSETEVKKYFPVGKVLAG
TN
YASEKLREAKYAFSETXVKKYFPVGXVLNG
10 20 30

370 380 390 400 410 420

LFAQIKKLYGIGFAEKTVPVWHKDVRYFELQONGKTIGGVYMDLYAREGKRGGAWMND YK
CECT UL CCUEDEL LD T = LU
LFAQXKKLYGIGFTEKTVPVWHKDVRYXELQONGEXIGGVYMDLYAREGKRGGAWMND YK

40 50 60 70 80 90

430 440 450 460 470 480
GRRRFADGTLQLPTAYLVCNFAPPVGGKEARLSHDEILTLFHETGHGLHHLLTQVDELGV
LU LT ED L LT LT LT
GRRRFSDGTLQLPTAYLVCNFAPPVGGREARLSHDEILILFHETGHGLHHLLTQVDELGV

100 110 120 130 140 150
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g128

ml28

g128

ml28

g128

ml28

g128

ml28

-pep

-pep

-pep

US 9,266,929 B2
109

-continued
490 500 510 520 530 540
SGINGVEWDAVELPSQFMENFVWEYNVLAQMS AHEETGEPLPKELFDKMLAAKNFQRGMF
CELULE FEEEETE LTttt treeer i tereert 11
SGINGVXWDAVELPSQFMENFVWEYNVLAQXSAHEETGVPLPKELXDKXLAAKNFQXGMF
160 170 180 190 200 210

550 560 570 580 590 600
LVRQMEFALFDMMIYSESDECRLKNWQOVLDSVRKEVAVIQPPEYNRFANSFGHIFAGGY
UL LT LT LT LT
XVRQXEFALFDMMIYSEDDEGRLKNWQQVLDSVRKKVAVIQPPEYNRFALSFGHIFAGGY
220 230 240 250 260 270

610 620 630 640 650 660
SAGYYSYAWAEVLSTDAYAAFEESDDVAATGKRFWQEILAVGGSRSAAESFKAFRGREPS

SAAXYSYAWAEVLSADAYAAFEESDDVAATGKRFWQEILAVGXSRSGAESFKAFRGREPS

280

670 679
.pep IDALLRQSGFDNAAX

IDALLRHSGFDNAVX

340

290

300

The following partial DNA sequence was identified in N.
meningitidis <SEQ ID 3089>:

al28.seq
1

51
101
151
201
251
301
351
401
451
501
551
601
651
701
751
801
851
901
951

1001
1051
1101
1151
1201

1251

ATGACTGACA

AATCAAAACC

CGCGCGAACA

AACACTGTCG

GGGCGTGGTG

CCGCCTACAA

GGACAAGACA

CGAGTTCGAC

TGCGCGATTT

GAATTGGCAA

CCAAAACGTC

CCGCACCGCT

GCCGCGCAAA

GCACTACCTC

AAATCTACCG

AAATTCGACA

AACCGCCAARA

CCAARAATGGC

GCCCGCCGCG

CTTCGCCCGC

GCTACGCCGG

GAAGTCAAAA

CCAAATCAAR

TCTGGCACAA

ATAGGCGGCG

CGCGTGGATG

ACGCACTGCT

GAAGACATCA

AATCGCCGCC

AACCCCTGAC

TCGCACCTCA

TGAATTAATG

TCGAGCTGTA

ACCCTCTCCC

CGTCCTCAGC

AACTGCAAAC

CTAGACGCGA

TGCCGGCATT

GCGAAGGCAA

GCCGTCATCC

CGCCTACGTT

ACACCGCCAA

CTGCTCGGCT

GGACACCCCC

CCAAACCCTA

GAAAGCCTCG

CGAAARACTG

AATACTTCCC

AAACTCTACG

AGACGTGCGC

TTTATATGGA

AACGACTACA

CCATTTGGGC

AACCCGCCCT

ATCAAAGCCC

CGGCATCACC

ACTCCGTCAC

CCCGAAATTA

CAACCGCTTC

ACGCGCAAAR

GGCGCGGAAC

CGAAGGCGCG

CCGACGCGTT

CCCGAAGACG

AACAGGCTAC

AATACGCCGA

ACCCGCGCCA

CATCGACCGC

TCAAAAACTA

GAACAAGTTT

CGCCGAAARR

GCCTCGCCGA

CGCGAAGCCA

CGTCGGCAAA

GCATCGGATT

TATTTTGAAT

TTTGTACGCA

AAGGCCGCCG

GAAGAACCCC

GCAAACCGCC

AAACGCACAC

GAACGCGTCG

CGACACGCCC

CCGTCTTCTT

AAAACCATCA

AACCAAACTC

TGCCGCCCGA

CAACTTTCCG

CGGCATTTAC

CGCTCGCCAT

AAAATCGGTT

CAACCGCAARA

GCGAGCTTTC

ACGCTCGAAA

CGCCGAATTG

TAAACTTCCT

GACCTCGCCG

TTTGCAACCG

AATACGCATT

GTATTAAACG

TACCGAAAAR

TGCAACAAAR

CGCGAAGGCA

CCGTTTTTCA

310

20

GTTTTGATCA

ATTGCCGAAG

CGGCTGGGCA

GCAGGATTTG

GAACTGCGCG

CACCGARATC

AAAACTCCCC

AACCACGATC

ACAGCAGGCA

CCAAATTCTC

TTTGACGATG

GTTTGCCGCT

TGCAGATTCC

CTGCGCGAAC

AGACGACGGC

ACGCCCTGCA

TCGCTGGCAA

GCACGACCTC

AAGTCAAAGC

TGGGACTTGG

CAGCGAAACC

GACTGTTCGC

ACCGTCCCCG

CGGCGARACC

AACGCGGCGG

GACGGCACGC

320

110



US 9,266,929 B2
111

-continued

1301 TGCAACTGCC CACCGCCTAC CTCGTCTGCA ACTTCACCCC GCCCGTCGGC

1351 GGCAAAGAAG CCCGCTTGAG CCATGACGAA ATCCTCACCC TCTTCCACGA

1401 AACCGGACAC GGCCTGCACC ACCTGCTTAC CCAAGTCGAC GAACTGGGCG

1451 TATCCGGCAT CAACGGCGTA GAATGGGACG CAGTCGAACT GCCCAGTCAG

1501 TTTATGGAAA ATTTCGTTTG GGAATACAAT GTCTTGGCGC AAATGTCCGC

1551 CCACGAAGAA ACCGGCGTTC CCCTGCCGAA AGAACTCTTC GACAAAATGC

1601 TCGCCGCCAA AAACTTCCAA CGCGGAATGT TCCTCGTCCG CCAAATGGAG

1651 TTCGCCCTCT TTGATATGAT GATTTACAGC GAAGACGACG AAGGCCGTCT

1701 GAAAAACTGG CAACAGGTTT TAGACAGCGT GCGCAAAGAA GTCGCCGTCG

1751 TCCGACCGCC CGAATACAAC CGCTTCGCCA ACAGCTTCGG CCACATCTTC

1801 GCAGGCGGCT ATTCCGCAGG CTATTACAGC TACGCGTGGG CGGAAGTATT

1851 GAGCGCGGAC GCATACGCCG CCTTTGAAGA AAGCGACGAT GTCGCCGCCA

1901 CAGGCAAACG CTTTTGGCAG GAAATCCTCG CCGTCGGCGG ATCGCGCAGC

1951 GCGGCAGAAT CCTTCAAAGC CTTCCGCGGA CGCGAACCGA GCATAGACGC

2001 ACTCTTGCGC CACAGCGGCT TCGACAACGC GGCTTGA

This corresponds to the amino acid sequence <SEQ 1D 3090;

ORF 128.a>:

al28.pep

1 MTDNALLHLG EEPRFDQIKT EDIKPALQTA IAEAREQIAA IKAQTHTGWA

51 NTVEPLTGIT ERVGRIWGVV SHLNSVTDTP ELRAAYNELM PEITVFFTEI

101 GQDIELYNRF KTIKNSPEFD TLSHAQKTKL NHDLRDFVLS GAELPPEQQA

151 ELAKLQTEGA QLSAKFSQONV LDATDAFGIY FDDAAPLAGI PEDALAMFAA

201 AAQSEGKTGY KIGLQIPHYL AVIQYADNRK LREQIYRAYV TRASELSDDG

251 KFDNTANIDR TLENALQTAK LLGFKNYAEL SLATKMADTP EQVLNFLHDL

301 ARRAKPYAEK DLAEVKAFAR ESLGLADLQP WDLGYAGEKL REAKYAFSET

351 EVKKYFPVGK VLNGLFAQIK KLYGIGFTEK TVPVWHKDVR YFELQQONGET

401 IGGVYMDLYA REGKRGGAWM NDYKGRRRFS DGTLQLPTAY LVCNFTPPVG

451 GKEARLSHDE ILTLFHETGH GLHHLLTQVD ELGVSGINGV EWDAVELPSQ

501 FMENFVWEYN VLAQMSAHEE TGVPLPKELF DKMLAAKNFQ RGMFLVRQME

551 FALFDMMIYS EDDEGRLKNW QQVLDSVRKE VAVVRPPEYN RFANSFGHIF

601 AGGYSAGYYS YAWAEVLSAD AYAAFEESDD VAATGKRFWQ EILAVGGSRS

651 AAESFKAFRG REPSIDALLR HSGFDNAA*

m128/al128 66.0% identity in 677 aa overlap

ml28.pep

alzs

ml28.pep

alzs

10 20 30 40 50 60
MTDNALLHLGEEPRFDQIKTEDIKPALQTAIAEAREQI AATKAQTHTGWANTVEPLTGIT
CELVTTEEREREE T e e e e e e b e e e e e e
MTDNALLHLGEEPRFDQIKTEDIKPALQTAIAEAREQI AATKAQTHTGWANTVEPLTGIT

10 20 30 40 50 60

70 80 90 100 110 120
ERVGRIWGVVSHLNCVADTPELRAVYNELMPEITVFFTEIGQDIELYNRFKTIKNSPEFD
NI
ERVGRIWGVVSHLNSVTIDTPELRAAYNELMPEITVFFTEIGQDIELYNRFKTIKNSPEFD

70 80 90 100 110 120

112



ml28

alzs

ml28

alzs

ml28

alzs

ml28.

alzs

ml28

alzs

ml28

alzs

ml28

alzs

ml28

alzs

ml28

alzs

ml28.p

alzs

-pep

-pep

-pep

-pep

-pep

-pep

-pep

-pep

US 9,266,929 B2
113

-continued
130
TLSPAQKTKLINH - - = = = = = = = = = = = & & o & o oo f oo o oo
[T
TLSHAQKTKLNHDLRDFVLSGAELPPEQQAELAKLQTEGAQLSAKF SQNVLDATDAFGIY
130 140 150 160 170 180

FDDAAPLAGIPEDALAMFAAAAQSEGKTGYKIGLQIPHYLAVIQYADNRKLREQIYRAYV
190 200 210 220 230 240

TRASELSDDGKFDNTANIDRTLENALQTAKLLGFKNYAELSLATKMADTPEQVLNFLHDL
250 260 270 280 290 300

140 150
---------------------------------- YASEKLREAKYAFSETXVKKYFPVGX
FE LT T
ARRAKPYAEKDLAEVKAFARESLGLADLQPWDLGYAGEKLREAKYAFSETEVKKYFPVGK
310 320 330 340 350 360

160 170 180 190 200 210
VLNGLFAQXKKLYGIGFTEKTVPVWHKDVRYXELQONGEXIGGVYMDLYAREGKRGGAWM
LCLCUCT UL DT LU
VLNGLFAQIKKLYGIGFTEKTVPVWHKDVRYFELQONGETIGGVYMDLYAREGKRGGAWM
370 380 390 400 410 420

220 230 240 250 260 270
NDYKGRRRFSDGTLOLPTAYLVCNFAPPVGGREARLSHDEILILFHETGHGLHHLLTOVD
COTLEEETEREE PP = L PP FEELEE LT
NDYKGRRRFSDGTLOLPTAYLVCNFTPPVGGKEARLSHDE ILTLFHETGHGLHHLLTQVD

430 440 450 460 470 480

280 290 300 310 320 330
ELGVSGINGVXWDAVELPSQFMENFVWEYNVLAQXS AHEETGVPLPKELXDKXLARKNFQ
RN RN N ey
ELGVSGINGVEWDAVELPSQFMENFVWEYNVLAQMS AHEETGVPLPKELFDKMLARKNFQ

490 500 510 520 530 540

340 350 360 370 380 390
XGMFXVRQXEFALFDMMIYSEDDEGRLKNWQQVLDSVRKKVAVIQPPEYNRFALSFGHIF
IR
RGMFLVRQMEFALFDMMIYSEDDEGRLKNWQQVLDSVRKEVAVVRPPEYNRFANSFGHIF
550 560 570 580 590 600

400 410 420 430 440 450
AGGYSAAXYSYAWAEVLSADAYAAFEESDDVAATGKRFWQEILAVGXSRSGAESFKAFRG
CCCCE: LU DDLU T T
AGGYSAGYYSYAWAEVLSADAYAAFEESDDVAATGKRFWQEILAVGGSRSAAESFKAFRG

610 620 630 640 650 660

460 470
REPSIDALLRHSGFDNAVX
LT
REPSIDALLRHSGFDNAAX

670

The following partial DNA sequence was identified in N.
meningitidis <SEQ ID 3091>:

ml28-1.seq

1

51

101

151

201

251

301

351

401

451

501

551

ATGACTGACA ACGCACTGCT CCATTTGGGC GAAGAACCCC GTTTTGATCA

AATCAAAACC GAAGACATCA AACCCGCCCT GCAAACCGCC ATCGCCGAAG

CGCGCGAACA AATCGCCGCC ATCAAAGCCC AAACGCACAC CGGCTGGGCA

AACACTGTCG AACCCCTGAC CGGCATCACC GAACGCGTCG GCAGGATTTG

GGGCGTGGTG TCGCACCTCA ACTCCGTCGC CGACACGCCC GAACTGCGCG

CCGTCTATAA CGAACTGATG CCCGAAATCA CCGTCTTCTT CACCGAAATC

GGACAAGACA TCGAGCTGTA CAACCGCTTC AAAACCATCA AAAATTCCCC

CGAATTCGAC ACCCTCTCCC CCGCACAAAA AACCAAACTC AACCACGATC

TGCGCGATTT CGTCCTCAGC GGCGCGGAAC TGCCGCCCGA ACAGCAGGCA

GAACTGGCAA AACTGCAAAC CGAAGGCGCG CAACTTTCCG CCAAATTCTC

CCAAAACGTC CTAGACGCGA CCGACGCGTT CGGCATTTAC TTTGACGATG

CCGCACCGCT TGCCGGCATT CCCGAAGACG CGCTCGCCAT GTTTGCCGCC

114



601

651

701

751

801

851

901

951

1001

1051

1101

1151

1201

1251

1301

1351

1401

1451

1501

1551

1601

1651

1701

1751

1801

1851

1901

1951

2001

GCCGCGCAAA

ACACTACCTC

AAATCTACCG

AAATTCGACA

AACCGCCAAR

CCAAAATGGC

GCCCGCCGCG

CTTCGCCCGC

GCTACGCCAG

GAAGTCAAAA

CCAAATCAAR

TCTGGCACAA

ATAGGCGGCG

CGCGTGGATG

TGCAACTGCC

GGCAGGGAAG

AACCGGACAC

TATCCGGCAT

TTTATGGAAA

CCACGAAGAA

TCGCCGCCAA

TTCGCCCTCT

GAAAAACTGG

TCCAGCCGCC

GCAGGCGGCT

GAGCGCGGAC

CAGGCAAACG

GCGGCAGAAT

ACTCTTGCGC

115

US 9,266,929 B2

-continued

GCGAAAGCAA

GCCGTCATCC

CGCCTACGTT

ACACCGCCAA

CTGCTCGGCT

GGACACGCCC

CCAAACCCTA

GAAAGCCTGA

CGAAAAACTG

AATACTTCCC

AAACTCTACG

AGACGTGCGC

TTTATATGGA

AACGACTACA

CACCGCCTAC

CCCGCCTGAG

GGGCTGCACC

CAACGGCGTA

ATTTCGTTTG

ACCGGCGTTC

AAACTTCCAA

TTGATATGAT

CAACAGGTTT

CGAATACAAC

ATTCCGCAGG

GCATACGCCG

CTTTTGGCAG

CCTTCAAAGC

CACAGCGGTT

AACAGGCTAC

AATACGCCGA

ACCCGCGCCA

CATCGACCGC

TCAAAAACTA

GAACAAGTTT

CGCCGAAAAR

ACCTCGCCGA

CGCGAAGCCA

CGTCGGCAAA

GCATCGGATT

TATTTTGAAT

TTTGTACGCA

AAGGCCGCCG

CTCGTCTGCA

CCACGACGAA

ACCTGCTTAC

GAATGGGACG

GGAATACAAT

CCCTGCCGAA

CGCGGCATGT

GATTTACAGC

TAGACAGCGT

CGCTTCGCCT

CTATTACAGC

CCTTTGAAGA

GAAATCCTCG

CTTCCGCGGC

TCGACAACGC

AAAATCGGCT

CAACCGCGAA

GCGAACTTTC

ACGCTCGCAA

CGCCGAATTG

TAAACTTCCT

GACCTCGCCG

TTTGCAACCG

AATACGCGTT

GTATTAAACG

TACCGAAAAR

TGCAACAAAR

CGCGAAGGCA

CCGTTTTTCA

ACTTCGCCCC

ATCCTCATCC

CCAAGTGGAC

CGGTCGAACT

GTCTTGGCAC

AGAACTCTTC

TCCTCGTCCG

GAAGACGACG

GCGCAAAAAA

TGAGCTTCGG

TACGCGTGGG

AAGCGACGAT

CCGTCGGCGG

CGCGAACCGA

GGTCTGA

This corresponds to the amino acid sequence <SEQ 1D 3092;

ORF 128-1>:

ml28-1.pep.

1

51

101

151

201

251

301

351

MTDNALLHLG

NTVEPLTGIT

GQDIELYNRF

ELAKLQTEGA

AAQSESKTGY

KFDNTANIDR

ARRAKPYAEK

EVKKYFPVGK

EEPRFDQIKT

ERVGRIWGVV

KTIKNSPEFD

QLSAKFSQNV

KIGLQIPHYL

TLANALQTAK

DLAEVKAFAR

VLNGLFAQIK

EDIKPALQTA

SHLNSVADTP

TLSPAQKTKL

LDATDAFGIY

AVIQYADNRE

LLGFKNYAEL

ESLNLADLQP

KLYGIGFTEK

IAEAREQIAA

ELRAVYNELM

NHDLRDFVLS

FDDAAPLAGI

LREQIYRAYV

SLATKMADTP

WDLGYASEKL

TVPVWHKDVR

TGCAGATTCC

CTGCGCGAAC

AGACGACGGC

ACGCCCTGCA

TCGCTGGCAA

GCACGACCTC

AAGTCAAAGC

TGGGACTTGG

CAGCGAAACC

GACTGTTCGC

ACCGTCCCCG

CGGCGAAACC

AACGCGGCGG

GACGGCACGC

ACCCGTCGGC

TCTTCCACGA

GAACTGGGCG

GCCCAGCCAG

ARATGTCAGC

GACAAAATGC

GCAAATGGAG

AAGGCCGTCT

GTCGCCGTCA

CCACATCTTC

CGGAAGTATT

GTCGCCGCCA

ATCGCGCAGC

GCATAGACGC

IKAQTHTGWA

PEITVFFTEI

GAELPPEQQA

PEDALAMFAA

TRASELSDDG

EQVLNFLHDL

REAKYAFSET

YFELQONGET

116



401

451

501

551

601

651

The following partial DNA sequence

IGGVYMDLYA

GREARLSHDE

FMENFVWEYN

FALFDMMIYS

AGGYSAGYYS

AAESFKAFRG

117

US 9,266,929 B2

-continued

REGKRGGAWM

ILILFHETGH

VLAQMSAHEE

EDDEGRLKNW

YAWAEVLSAD

REPSIDALLR

gonorrhoeae <SEQ ID 3093>:

glz28-1.seq

1

51

101

151

201

251

301

351

401

451

501

551

601

651

701

751

801

851

901

951

1001

1051

1101

1151

1201

1251

1301

1351

1401

1451

This corresponds to the amino acid sequence <SEQ 1D 3094;

(partial)
ATGATTGACA

AATCAAAACC
CGCGCGGACA
AACACCGTCG
GGGCGTCGTG
CCGTCTATAA
GGACAAGACA
CGAATTTGCA
TGCGCGATTT
GAACTGGCAA
CCAAAACGTC
CCGCACCGCT
GCCGCGCAAA
GCACTACCTT
AAATCTACCG
AAATTCGACA
AACCGCCAAR
CCAAAATGGC
GCCCGCCGCG
CTTCGCCCGC
GCTACGCCGG
GAAGTCAAAA
CCAAATCAAR
TCTGGCACAA
ATCGGCGGCG
CGCGTGGATG
TGCAACTGCC
GGCAAAGAAG
AACCGGCCAC

TGTCCGGCAT

ORF 128-1.ng>:

ACGCACTGCT

GAAGACATCA

AATCGCCGCC

AGCGTCTGAC

TCCCATCTCA

CGAACTGATG

TCGAACTGTA

ACGCTTTCCC

CGTATTGAGC

AACTGCAAAC

CTAGACGCGA

TGCCGGCATT

GCGAAGGCAA

GCCGTTATCC

CGCCTACGTT

ACACCGCCAA

CTGCTCGGCT

GGACACGCCC

CCAAACCCTA

GAACACCTCG

CGAAAAACTG

AATACTTCCC

AAACTCTACG

AGACGTGCGC

TTTATATGGA

AACGACTACA

CACCGCCTAC

CGCGTTTAAG

GGACTGCACC

CAACGGCGTA

NDYKGRRRFS

GLHHLLTQVD

TGVPLPKELF

QQVLDSVRKK

AYAAFEESDD

HSGFDNAV*

DGTLQLPTAY

ELGVSGINGV

DKMLAAKNFQ

VAVIQPPEYN

VAATGKRFWQ

was identified in N.

CCACTTGGGC

AACCCGCCGT

GTCAAAGCGC

CGGCATCACC

ACTCCGTCGT

CCTGAAATCA

CAACCGCTTC

CCGCACAAAR

GGCGCGGAAC

CGAAGGCGCG

CCGACGCGTT

CCCGAAGACG

AACAGGTTAC

AATACGCCGG

ACCCGTGCCA

CATCGACCGC

TTAAAAATTA

GAACAGGTTT

CGCCGAAAAR

GTCTCGCCGA

CGCGAAGCCA

CGTCGGCAAA

GCATCGGATT

TATTTTGAAT

TTTGTACGCA

AAGGCCGCCG

CTCGTCTGCA

CCACGACGAA

ACCTGCTTAC

AARL

GAAGAACCCC

CCAAACCGCC

AAACGCACAC

GAACGCGTCG

CGACACGCCC

CCGTCTTCTT

AAAACCATCA

AACCAAGCTC

TGCCGCCCGA

CAACTTTCCG

CGGCATTTAC

CGCTCGCCAT

AAAATCGGCT

CAACCGCGAA

GCGAACTTTC

ACGCTCGAAA

CGCCGAATTG

TAAACTTCCT

GACCTCGCCG

CCCGCAGCCG

AATACGCATT

GTTCTGGCAG

CGCCGAAAAR

TGCAACAAAR

CGCGAAGGCA

CCGCTTTGCC

ACTTCGCCCC

ATCCTCACCC

CCAAGTGGAC

65

LVCNFAPPVG

EWDAVELPSQ

RGMFLVRQME

RFALSFGHIF

EILAVGGSRS

GTTTTAATCA

ATCGCCGAAG

CGGCTGGGCG

GCAGGATTTG

GAACTGCGCG

CACCGARATC

ARAAATTCCCC

GATCACGACC

ACGGCAGGCA

CCAAATTCTC

TTTGACGATG

GTTTGCCGCC

TGCAGATTCC

CTGCGCGAAC

ARACGACGGC

ACGCATTGAA

TCGCTGGCAA

GCACGACCTC

AAGTCAAAGC

TGGGACTTGA

CAGCGAAACC

GCCTGTTCGC

ACCGTTCCCG

CGGCAARACC

AACGCGGCGG

GACGGCACGC

GCCCGTCGGC

TCTTCCACGA

GAACTGGGCG
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gl28-1.pep
1

51
101
151
201
251
301
351
401

451

US 9,266,929 B2
119

(partial)
MIDNALLHLG EEPRFNQIKT EDIKPAVQTA IAEARGQIAA VKAQTHTGWA

NTVERLTGIT ERVGRIWGVV SHLNSVVDTP ELRAVYNELM PEITVFFTEI

GQDIELYNRF KTIKNSPEFA TLSPAQKTKL DHDLRDFVLS GAELPPERQA

ELAKLQTEGA QLSAKFSQNV LDATDAFGIY FDDAAPLAGI PEDALAMFAA

AAQSEGKTGY KIGLQIPHYL AVIQYAGNRE LREQIYRAYV TRASELSNDG

KFDNTANIDR TLENALKTAK LLGFKNYAEL SLATKMADTP EQVLNFLHDL

ARRAKPYAEK DLAEVKAFAR EHLGLADPQP WDLSYAGEKL REAKYAFSET

EVKKYFPVGK VLAGLFAQIK KLYGIGFAEK TVPVWHKDVR YFELQQNGKT

IGGVYMDLYA REGKRGGAWM NDYKGRRRFA DGTLQLPTAY LVCNFAPPVG

GKEARLSHDE ILTLFHETGH GLHHLLTQVD ELGVSGINGV K

m128-1/g128-1 94.5% identity in 491 aa overlap

g128-1.

ml28-1

g128-1.

ml28-1

g128-1.

ml28-1

g128-1.

ml28-1

g128-1.

ml28-1

g128-1.

ml28-1

g128-1.

ml28-1

g128-1.

ml28-1

g128-1.

ml28-1

bep

bep

bep

bep

bep

bep

bep

bep

bep

10 20 30 40 50 60
MIDNALLHLGEEPRFNQIKTEDIKPAVQTATAEARGQIAAVKAQTHTGWANTVERLTGIT
UL DL = O D= LU T
MTDNALLHLGEEPRFDQIKTEDIKPALQTATAEAREQIAATKAQTHTGWANTVEPLTGIT

10 20 30 40 50 60

70 80 90 100 110 120
ERVGRIWGVVSHLNSVVDTPELRAVYNELMPEITVFFTEIGQDIELYNRFKTIKNSPEFA
NN
ERVGRIWGVVSHLNSVADTPELRAVYNELMPEITVFFTEIGQDIELYNRFKTIKNSPEFD

70 80 90 100 110 120

130 140 150 160 170 180
TLSPAQKTKLDHDLRDFVLSGAELPPERQAELAKLQTEGAQLSAKFSQNVLDATDAFGIY
AR
TLSPAQKTKLNHDLRDFVLSGAELPPEQQAELAKLQTEGAQLSAKFSQNVLDATDAFGIY

130 140 150 160 170 180

190 200 210 220 230 240
FDDAAPLAGIPEDALAMFAAAAQSEGKTGYKIGLQIPHYLAVIQYAGNRELREQIYRAYV
CLCC UL LU DT T
FDDAAPLAGIPEDALAMFAAAAQSESKTGYKIGLQIPHYLAVIQYADNRELREQIYRAYV

190 200 210 220 230 240

250 260 270 280 290 300
TRASELSNDGKFDNTANIDRTLENALKTAKLLGFKNYAELSLATKMADTPEQVLNFLHDL
LU DL = LT L
TRASELSDDGKFDNTANIDRTLANALQTAKLLGFKNYAELSLATKMADTPEQVLNFLHDL

250 260 270 280 290 300

310 320 330 340 350 360
ARRAKPYAEKDLAEVKAFAREHLGLADPQPWDLSYAGEKLREAKYAFSETEVKKYFPVGK
CLCCCCCUTUCCDEL 0D DU = UL
ARRAKPYAEKDLAEVKAFARESLNLADLQPWDLGYASEKLREAKYAFSETEVKKYFPVGK

310 320 330 340 350 360

370 380 390 400 410 420
VLAGLFAQIKKLYGIGFAEKTVPVWHKDVRYFELQONGKTIGGVYMDLYAREGKRGGAWM
OO CCUEL LU= UL
VLNGLFAQIKKLYGIGFTEKTVPVWHKDVRYFELQONGETIGGVYMDLYAREGKRGGAWM

370 380 390 400 410 420

430 440 450 460 470 480
NDYKGRRRFADGTLQLPTAYLVCNFAPPVGGKEARLSHDEILTLFHETGHGLHHLLTQVD

NDYKGRRRFSDGTLQLPTAYLVCNFAPPVGGREARLSHDEILILFHETGHGLHHLLTQVD
430 440 450 460 470 480
490

ELGVSGINGVK

ELGVSGINGVEWDAVELPSQFMENFVWEYNVLAQMSAHEETGVPLPKELFDKMLAAKNFQ
490 500 510 520 530 540

60

The following partial DNA sequence was identified in N.
meningitidis <SEQ ID 3095>:

alz2g-1.seq
1

ATGACTGACA ACGCACTGCT CCATTTGGGC GAAGAACCCC GTTTTGATCA
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51

101

151

201

251

301

351

401

451

501

551

601

651

701

751

801

851

901

951

1001

1051

1101

1151

1201

1251

1301

1351

1401

1451

1501

1551

1601

1651

1701

1751

1801

1851

1901

1951

2001

AATCAAAACC

CGCGCGAACA

AACACTGTCG

GGGCGTGGTG

CCGCCTACAA

GGACAAGACA

CGAGTTCGAC

TGCGCGATTT

GAATTGGCAA

CCAAAACGTC

CCGCACCGCT

GCCGCGCAAA

GCACTACCTC

AAATCTACCG

AAATTCGACA

AACCGCCAAR

CCAAAATGGC

GCCCGCCGCG

CTTCGCCCGC

GCTACGCCGG

GAAGTCAAAA

CCAAATCAAR

TCTGGCACAA

ATAGGCGGCG

CGCGTGGATG

TGCAACTGCC

GGCAAAGAAG

AACCGGACAC

TATCCGGCAT

TTTATGGAAA

CCACGAAGAA

TCGCCGCCAA

TTCGCCCTCT

GAAAAACTGG

TCCGACCGCC

GCAGGCGGCT

GAGCGCGGAC

CAGGCAAACG

GCGGCAGAAT

ACTCTTGCGC
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GAAGACATCA

AATCGCCGCC

AACCCCTGAC

TCGCACCTCA

TGAATTAATG

TCGAGCTGTA

ACCCTCTCCC

CGTCCTCAGC

AACTGCAAAC

CTAGACGCGA

TGCCGGCATT

GCGAAGGCAA

GCCGTCATCC

CGCCTACGTT

ACACCGCCAA

CTGCTCGGCT

GGACACCCCC

CCAAACCCTA

GAAAGCCTCG

CGAAAAACTG

AATACTTCCC

AAACTCTACG

AGACGTGCGC

TTTATATGGA

AACGACTACA

CACCGCCTAC

CCCGCTTGAG

GGCCTGCACC

CAACGGCGTA

ATTTCGTTTG

ACCGGCGTTC

AAACTTCCAA

TTGATATGAT

CAACAGGTTT

CGAATACAAC

ATTCCGCAGG

GCATACGCCG

CTTTTGGCAG

CCTTCAAAGC

CACAGCGGCT

AACCCGCCCT

ATCAAAGCCC

CGGCATCACC

ACTCCGTCAC

CCCGAAATTA

CAACCGCTTC

ACGCGCAAAR

GGCGCGGAAC

CGAAGGCGCG

CCGACGCGTT

CCCGAAGACG

AACAGGCTAC

AATACGCCGA

ACCCGCGCCA

CATCGACCGC

TCAAAAACTA

GAACAAGTTT

CGCCGAAAAR

GCCTCGCCGA

CGCGAAGCCA

CGTCGGCAAA

GCATCGGATT

TATTTTGAAT

TTTGTACGCA

AAGGCCGCCG

CTCGTCTGCA

CCATGACGAA

ACCTGCTTAC

GAATGGGACG

GGAATACAAT

CCCTGCCGAA

CGCGGAATGT

GATTTACAGC

TAGACAGCGT

CGCTTCGCCA

CTATTACAGC

CCTTTGAAGA

GAAATCCTCG

CTTCCGCGGA

TCGACAACGC

GCAAACCGCC

AAACGCACAC

GAACGCGTCG

CGACACGCCC

CCGTCTTCTT

AAAACCATCA

AACCAAACTC

TGCCGCCCGA

CAACTTTCCG

CGGCATTTAC

CGCTCGCCAT

AAAATCGGTT

CAACCGCAARA

GCGAGCTTTC

ACGCTCGAAA

CGCCGAATTG

TAAACTTCCT

GACCTCGCCG

TTTGCAACCG

AATACGCATT

GTATTAAACG

TACCGAAAAR

TGCAACAAAR

CGCGAAGGCA

CCGTTTTTCA

ACTTCACCCC

ATCCTCACCC

CCAAGTCGAC

CAGTCGAACT

GTCTTGGCGC

AGAACTCTTC

TCCTCGTCCG

GAAGACGACG

GCGCAAAGAA

ACAGCTTCGG

TACGCGTGGG

AAGCGACGAT

CCGTCGGCGG

CGCGAACCGA

GGCTTGA

ATTGCCGAAG

CGGCTGGGCA

GCAGGATTTG

GAACTGCGCG

CACCGARATC

ARAACTCCCC

AACCACGATC

ACAGCAGGCA

CCAAATTCTC

TTTGACGATG

GTTTGCCGCT

TGCAGATTCC

CTGCGCGAAC

AGACGACGGC

ACGCCCTGCA

TCGCTGGCAA

GCACGACCTC

AAGTCAAAGC

TGGGACTTGG

CAGCGAAACC

GACTGTTCGC

ACCGTCCCCG

CGGCGAAACC

AACGCGGCGG

GACGGCACGC

GCCCGTCGGC

TCTTCCACGA

GAACTGGGCG

GCCCAGTCAG

ARATGTCCGC

GACAAAATGC

CCAAATGGAG

AAGGCCGTCT

GTCGCCGTCG

CCACATCTTC

CGGAAGTATT

GTCGCCGCCA

ATCGCGCAGC

GCATAGACGC

122



US 9,266,929 B2
123

This corresponds to the amino acid sequence <SEQ 1D 3096;
ORF 128-1.a>:

alz2g-1.pep
1

51
101
151
201
251
301
351
401
451
501
551
601

651

MTDNALLHLG EEPRFDQIKT EDIKPALQTA IAEAREQIAA IKAQTHTGWA

NTVEPLTGIT ERVGRIWGVV SHLNSVTDTP ELRAAYNELM PEITVFFTEI

GQDIELYNRF KTIKNSPEFD TLSHAQKTKL NHDLRDFVLS GAELPPEQQA

ELAKLQTEGA QLSAKFSQNV LDATDAFGIY FDDAAPLAGI PEDALAMFAA

AAQSEGKTGY KIGLQIPHYL AVIQYADNRK LREQIYRAYV TRASELSDDG

KFDNTANIDR TLENALQTAK LLGFKNYAEL SLATKMADTP EQVLNFLHDL

ARRAKPYAEK DLAEVKAFAR ESLGLADLQP WDLGYAGEKL REAKYAFSET

EVKKYFPVGK VLNGLFAQIK KLYGIGFTEK TVPVWHKDVR YFELQQONGET

IGGVYMDLYA REGKRGGAWM NDYKGRRRFS DGTLQLPTAY LVCNFTPPVG

GKEARLSHDE ILTLFHETGH GLHHLLTQVD ELGVSGINGV EWDAVELPSQ

FMENFVWEYN VLAQMSAHEE TGVPLPKELF DKMLAAKNFQ RGMFLVRQME

FALFDMMIYS EDDEGRLKNW QQVLDSVRKE VAVVRPPEYN RFANSFGHIF

AGGYSAGYYS YAWAEVLSAD AYAAFEESDD VAATGKRFWQ EILAVGGSRS

AAESFKAFRG REPSIDALLR HSGFDNAA*

m128-1/a128-1 97.8% identity in 677 aa overlap

alzg-1.

ml28-1

alzg-1.

ml28-1

alzg-1.

ml28-1

alzg-1.

ml28-1

alzg-1.

ml28-1

alzg-1.

ml28-1

alzg-1.

ml28-1

alzg-1.

ml28-1

bep

bep

bep

bep

bep

bep

bep

bep

10 20 30 40 50 60
MTDNALLHLGEEPRFDQIKTEDIKPALQTAIAEAREQI AATKAQTHTGWANTVEPLTGIT
COTLTEEEREREL LT LT T L]
MTDNALLHLGEEPRFDQIKTEDIKPALQTAIAEAREQI AATKAQTHTGWANTVEPLTGIT

10 20 30 40 50 60

70 80 90 100 110 120
ERVGRIWGVVSHLNSVTIDTPELRAAYNELMPEITVFFTEIGQDIELYNRFKTIKNSPEFD
NN
ERVGRIWGVVSHLNSVADTPELRAVYNELMPEITVFFTEIGQDIELYNRFKTIKNSPEFD

70 80 90 100 110 120

130 140 150 160 170 180
TLSHAQKTKLNHDLRDFVLSGAELPPEQQAELAKLOTEGAQLSAKFSONVLDATDAFGIY
CEL TP TP T L]
TLSPAQKTKLNHDLRDFVLSGAELPPEQQAELAKLOTEGAQLSAKFSONVLDATDAFGIY

130 140 150 160 170 180

190 200 210 220 230 240
FDDAAPLAGIPEDALAMFAAAAQSEGKTGYKIGLQIPHYLAVIQYADNRKLREQIYRAYV
UL LU LT T
FDDAAPLAGIPEDALAMFAAAAQSESKTGYKIGLQIPHYLAVIQYADNRELREQIYRAYV

190 200 210 220 230 240

250 260 270 280 290 300
TRASELSDDGKFDNTANIDRTLENALQTAKLLGFKNYAELSLATKMADTPEQVLNFLHDL
COPLEELERETEE L FEEE LT E PP T T
TRASELSDDGKFDNTANIDRTLANALQTAKLLGFKNYAELSLATKMADTPEQVLNFLHDL

250 260 270 280 290 300

310 320 330 340 350 360
ARRAKPYAEKDLAEVKAFARESLGLADLQPWDLGYAGEKLREAKYAFSETEVKKYFPVGK
NN
ARRAKPYAEKDLAEVKAFARESLNLADLQPWDLGYASEKLREAKYAFSETEVKKYFPVGK

310 320 330 340 350 360

370 380 390 400 410 420
VLNGLFAQIKKLYGIGFTEKTVPVWHKDVRYFELQONGET GGV YMDLYAREGKRGGANM
CELLELETCLE TP TP
VLNGLFAQIKKLYGIGFTEKTVPVWHKDVRYFELQONGET GGV YMDLYAREGKRGGARM

370 380 390 400 410 420

430 440 450 460 470 480
NDYKGRRRFSDGTLQLPTAYLVCNFTPPVGGKEARLSHDEILTLFHETGHGLHHLLTQVD
CCLCCCUCUT DD DU DU T T
NDYKGRRRFSDGTLQLPTAYLVCNFAPPVGGREARLSHDEILILFHETGHGLHHLLTQVD

430 440 450 460 470 480
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ml28-1

alzg8-1.pep

ml28-1

alzg8-1.pep

ml28-1

alzg8-1.pep

ml28-1
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-continued
490 500 510 520 530 540
ELGVSGINGVEWDAVELPSQFMENFVWE YNVLAQMS AHEETGVPLPKELFDKMLAAKNFQ
CEEUEELEEEEET LT et e e e e et e e
ELGVSGINGVEWDAVELPSQFMENFVWE YNVLAQMS AHEETGVPLPKELFDKMLAAKNFQ
490 500 510 520 530 540
550 560 570 580 590 600
RGMFLVRQMEFALFDMMI YS EDDEGRLKNWQQVLDSVRKEVAVVRPPEYNRFANSFGHIF
CECVTCEEEEEET LT e v e et = PPt i
RGMFLVRQMEFALFDMMI YSEDDEGRLKNWQQVLDSVRKKVAVIQPPEYNRFALSFGHIF
550 560 570 580 590 600

610 620 630 640 650 660
AGGYSAGYYSYAWAEVLSADAYAAFEESDDVAATGKRFWQEILAVGGSRSAAESFKAFRG

AGGYSAGYYSYAWAEVLSADAYAAFEESDDVAATGKRFWQEILAVGGSRSAAESFKAFRG

610 620 630 640 650 660
670 679
REPSIDALLRHSGFDNAAX
NN
REPSIDALLRHSGFDNAVX
670
20

The following partial DNA sequence was identified in N.
meningitidis <SEQ ID 3097>:

m206 .seq

1 ATGTTTCCCC CCGACAAAAC CCTTTTCCTC TGTCTCAGCG CACTGCTCCT

51 CGCCTCATGC GGCACGACCT CCGGCAAACA CCGCCAACCG AAACCCAAAC

101 AGACAGTCCG GCAAATCCAA GCCGTCCGCA TCAGCCACAT CGACCGCACA

151 CAAGGCTCGC AGGAACTCAT GCTCCACAGC CTCGGACTCA TCGGCACGCC

201 CTACAAATGG GGCGGCAGCA GCACCGCAAC CGGCTTCGAT TGCAGCGGCA

251 TGATTCAATT CGTTTACAAr AACGCCCTCA ACGTCAAGCT GCCGCGCACC

301 GCCCGCGACA TGGCGGCGGC AAGCCGsAAA ATCCCCGAcCA GCCGCyTCAA

351 GGCCGGCGAC CTCGTATTCT TCAACACCGG CGGCGCACAC CGCTACTCAC

401 ACGTCGGACT CTACATCGGC AACGGCGAAT TCATCCATGC CCCCAGCAGC

451 GGCAAAACCA TCAAAACCGA AAAACTCTCC ACACCGTTTT ACGCCAAAAA

501 CTACCTCGGC GCACATACTT TTTTTACAGA ATGA

This corresponds to the amino acid sequence <SEQ 1D 3098;

ORF 206>:
m206 .pep. .
1 MFPPDKTLFL CLSALLLASC GTTSGKHRQP KPKQTVRQIQ AVRISHIDRT
51 QGSQELMLHS LGLIGTPYKW GGSSTATGFD CSGMIQFVYK NALNVKLPRT
101 ARDMAAASRK IPDSRXKAGD LVFFNTGGAH RYSHVGLYIG NGEFIHAPSS
151 GKTIKTEKLS TPFYAKNYLG AHTFFTE*

55

The following partial DNA sequence was identified in N.
gonorrhoeae <SEQ ID 3099>:

g206 .seq

1 atgttttccce ccgacaaaac ccttttecte tgtcteggeg cactgetect

51 cgcctecatge ggcacgacct ccggcaaaca ccgccaaccg aaacccaaac

101 agacagtccg gcaaatccaa gccgtcegca tcagccacat cggecgcaca

151 caaggctcge aggaactcat gctccacage cteggactca teggcacgec
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201 ctacaaatgg ggcggcagca gcaccgcaac cggcttcegac tgcageggcea

251 tgattcaatt ggtttacaaa aacgccctca acgtcaaget gecgegcace

301 geeegegaca tggeggegge aagecgcaaa atccccgaca gecgectcaa

351 ggceggegac atcgtattet tcaacaccgg cggegcacac cgctactcac

401 acgtecggact ctacatcgge aacggcgaat tcatccatge cccceggcage

451 ggcaaaacca tcaaaaccga aaaactctcce acaccgtttt acgccaaaaa

501 ctaccttgga gcgcatacgt tttttacaga atga

This corresponds to the amino acid sequence <SEQ 1D 3100;

ORF 206.ng>:

g206 .pep
1

MFSPDKTLFL CLGALLLASC GTTSGKHRQP KPKQTVRQIQ AVRISHIGRT

51 QGSQELMLHS LGLIGTPYKW GGSSTATGFD CSGMIQLVYK NALNVKLPRT

101 ARDMAAASRK IPDSRLKAGD IVFFNTGGAH RYSHVGLYIG NGEFIHAPGS

151 GKTIKTEKLS TPFYAKNYLG AHTFFTE*

ORF 206 shows 96.0% identity over a 177 aa overlap with a 2
predicted ORF (ORF 206.ng) from N. gonorrhoeae:
m206 /9206
10 20 30 40 50 60
m206.pep MFPPDKTLFLCLSALLLASCGTTSGKHROPKPKQTVRQIQAVRI SHIDRTQGSQELMLHS
LT TP LT T L L
9206 MFSPDKTLFLCLGALLLASCGTTSGKHROPKPKQTVRQIQAVRI SHIGRTQGSQELMLHS
10 20 30 40 50 60
70 80 20 100 110 120
m206.pep LGLIGTPYKWGGSSTATGFDCSGMIQFVYKNALNVKLPRTARDMAAASRKIPDSRXKAGD
FEPLELLEREREL LT = L LT 11
9206 LGLIGTPYKWGGSSTATGFDCSGMIQLY YKNALNVKLPRTARDMAAASRK IPDSRLKAGD
70 80 20 100 110 120
130 140 150 160 170
m206.pep LVFFNTGGAHRYSHVGLYIGNGEFIHAPSSGKTIKTEKLSTPFYAKNYLGAHTFFTEX
SCLEVLEEECEEEC P LT LT L
9206 IVFFNTGGAHRYSHVGLY IGNGEF THAPGSGKTIKTEKLSTPFYAKNYLGAHTFFTE

130 140 150 160 170

The following partial DNA sequence was identified in N.
meningitidis <SEQ ID 3101>:

a206.seq

1 ATGTTTCCCC CCGACAAAAC CCTTTTCCTC TGTCTCAGCG CACTGCTCCT

51 CGCCTCATGC GGCACGACCT CCGGCAAACA CCGCCAACCG AAACCCAAAC

101 AGACAGTCCG GCAAATCCAA GCCGTCCGCA TCAGCCACAT CGACCGCACA

151 CAAGGCTCGC AGGAACTCAT GCTCCACAGC CTCGGACTCA TCGGCACGCC

201 CTACAAATGG GGCGGCAGCA GCACCGCAAC CGGCTTCGAT TGCAGCGGCA

251 TGATTCAATT CGTTTACAAA AACGCCCTCA ACGTCAAGCT GCCGCGCACC

301 GCCCGCGACA TGGCGGCGGC AAGCCGCAAA ATCCCCGACA GCCGCCTTAA

351 GGCCGGCGAC CTCGTATTCT TCAACACCGG CGGCGCACAC CGCTACTCAC

401 ACGTCGGACT CTATATCGGC AACGGCGAAT TCATCCATGC CCCCAGCAGC

451 GGCAAAACCA TCAAAACCGA AAAACTCTCC ACACCGTTTT ACGCCAAAAA

501 CTACCTCGGC GCACATACTT TCTTTACAGA ATGA
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This corresponds to the amino acid sequence <SEQ 1D 3102;

ORF 206.a>:

a206 .pep

1 MFPPDKTLFL CLSALLLASC GTTSGKHRQP KPKQTVRQIQ AVRISHIDRT

51 QGSQELMLHS LGLIGTPYKW GGSSTATGFD CSGMIQFVYK NALNVKLPRT

101 ARDMAAASRK IPDSRLKAGD LVFFNTGGAH RYSHVGLYIG NGEFIHAPSS

151 GKTIKTEKLS TPFYAKNYLG AHTFFTE*

m206/a206 99.4% identity in 177 aa overlap

m206 .pep

a206

m206 .pep

a206

m206 .pep

a206

287

10 20 30 40 50 60
MFPPDKTLFLCLSALLLASCGTTSGKHRQPKPKOTVRQIQAVRI SHIDRTOGSQELMLHS
COTLELELETEE TP EE L LT
MFPPDKTLFLCLSALLLASCGTTSGKHRQPKPKOTVRQIQAVRI SHIDRTOGSQELMLHS

10 20 30 40 50 60

70 80 90 100 110 120
LGLIGTPYKWGGSSTATGFDCSGMIQFVYKNALNVKLPRTARDMARASRKIPDSRXKAGD
FEPLELLEREREL LT LT LT T
LGLIGTPYKWGGSSTATGFDCSGMIQFVYKNALNVKLPRTARDMARASRKIPDSRLKAGD

70 80 90 100 110 120

130 140 150 160 170

LVFFNTGGAHRY SHVGLY IGNGEF THAPSSGKTI KTEKLS TPFYAKNYLGAHTFFTEX

CETLETEETETEE LT TP LT

LVFFNTGGAHRY SHVGLY IGNGEF THAPSSGKTI KTEKLS TPFYAKNYLGAHTFFTEX
130 140 150 160 170

The following partial DNA sequence was identified in N.
meningitidis <SEQ ID 3103>:

m287.seq

1 ATGTTTAAAC GCAGCGTAAT CGCAATGGCT TGTATTTTTG CCCTTTCAGC

51 CTGCGGGGGC GGCGGTGGCG GATCGCCCGA TGTCAAGTCG GCGGACACGC

101 TGTCAAAACC TGCCGCCCCT GTTGTTTCTG AAAAAGAGAC AGAGGCAAAG

151 GAAGATGCGC CACAGGCAGG TTCTCAAGGA CAGGGCGCGC CATCCGCACA

201 AGGCAGTCAA GATATGGCGG CGGTTTCGGA AGAAAATACA GGCAATGGCG

251 GTGCGGTAAC AGCGGATAAT CCCAAAAATG AAGACGAGGT GGCACAAAAT

301 GATATGCCGC AAAATGCCGC CGGTACAGAT AGTTCGACAC CGAATCACAC

351 CCCGGATCCG AATATGCTTG CCGGAAATAT GGAAAATCAA GCAACGGATG

401 CCGGGGAATC GTCTCAGCCG GCAAACCAAC CGGATATGGC AAATGCGGCG

451 GACGGAATGC AGGGGGACGA TCCGTCGGCA GGCGGGCAAA ATGCCGGCAA

501 TACGGCTGCC CAAGGTGCAA ATCAAGCCGG AAACAATCAA GCCGCCGGTT

551 CTTCAGATCC CATCCCCGCG TCAAACCCTG CACCTGCGAA TGGCGGTAGC

601 AATTTTGGAA GGGTTGATTT GGCTAATGGC GTTTTGATTG ACGGGCCGTC

651 GCAAAATATA ACGTTGACCC ACTGTAAAGG CGATTCTTGT AGTGGCAATA

701 ATTTCTTGGA TGAAGAAGTA CAGCTAAAAT CAGAATTTGA AAAATTAAGT

751 GATGCAGACA AAATAAGTAA TTACAAGAAA GATGGGAAGA ATGATAAATT

801 TGTCGGTTTG GTTGCCGATA GTGTGCAGAT GAAGGGAATC AATCAATATA

851 TTATCTTTTA TAAACCTAAA CCCACTTCAT TTGCGCGATT TAGGCGTTCT

901 GCACGGTCGA GGCGGTCGCT TCCGGCCGAG ATGCCGCTGA TTCCCGTCAA

951 TCAGGCGGAT ACGCTGATTG TCGATGGGGA AGCGGTCAGC CTGACGGGGC

130



1001

1051

1101

1151

1201

1251

1301

1351

1401

1451

ATTCCGGCAA

GGGGCGGAAA

ACCGGCAAAR

TACTGCATTT

TTTGCCGCAA

CAGCGGCGAT

ATGGAAACGG

TCCGGAAAGT

CTATCGCCCG

AAAAAGAGCA

131
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TATCTTCGCG

AATTGCCCGG

GGCGAAATGC

CCATACGGAA

AAGTCGATTT

GATTTGCATA

CTTTAAGGGG

TTTACGGCCC

ACAGATGCGG

GGATTGA

CCCGAAGGGA

CGGATCGTAT

TTGCGGGCGC

AACGGCCGTC

CGGCAGCAARA

TGGGTACGCA

ACTTGGACGG

GGCCGGCGAG

AARAAGGGCGG

US 9,266,929 B2

ATTACCGGTA

GCCCTTCGTG

GGCCGTGTAC

CGTACCCGAC

TCTGTGGACG

AAAATTCAAR

AAAATGGCAG

GAAGTGGCGG

ATTCGGCGTG

This corresponds to the amino acid sequence <SEQ 1D 3104;

ORF 287>:
m287.pep

1 MFKRSVIAMA CIFALSACGG
51 EDAPQAGSQG QGAPSAQGSQ
101 DMPONAAGTD SSTPNHTPDP
151 DGMQGDDPSA GGQONAGNTAA
201 NFGRVDLANG VLIDGPSQONI
251 DADKISNYKK DGKNDKFVGL
301 ARSRRSLPAE MPLIPVNQAD
351 GAEKLPGGSY ALRVQGEPAK
401 FAAKVDFGSK SVDGIIDSGD
451 SGKFYGPAGE EVAGKYSYRP

GGGGSPDVKS

DMAAVSEENT

NMLAGNMENQ

QGANQAGNNQ

TLTHCKGDSC

VADSVQMKGI

TLIVDGEAVS

GEMLAGAAVY

DLHMGTQKFK

TDAEKGGFGV

ADTLSKPAAP

GNGGAVTADN

ATDAGESSQP

AAGSSDPIPA

SGNNFLDEEV

NQYIIFYKPK

LTGHSGNIFA

NGEVLHFHTE

AAIDGNGFKG

FAGKKEQD*

The following partial DNA sequence was identified in N.
gonorrhoeae <SEQ ID 3105>:

g287.seq

1

51

101

151

201

251

301

351

401

451

501

551

601

651

atgtttaaac

ctgtgggggce

cgtcaaaacc

ctgcecgaaag

cgatacgeag

ttteggecaga

aaaaatgaag

atccgeaaat

cceceegegte

acgaacgtgg

gttgacccac

aagaagcacc

attaagcgat

tgctgacagg

gcagtgtgat
ggcggtggeyg
ggcecgeceee
aaaagaaaga
gacgcaaccg
aaatacaggc
acgeggggge
caaacaggga
aaaccctgec
gcaattctgt
tgtaaaggeg
gtcaaaatca
ataaaaaaga

gtaaaaaagg

tgcaatgget

gatcgeccga

gttgttgetg

tgaggaggca

ccggagaagyg

aatggcggtg

gcaaaatgat

acaaccaacc

cctgegaatyg

tgtgattgac

attcttgtaa

gaatttgaaa

cgagcaacgg

atggaactaa

tgtattttte

tgtcaagtcg

aaaatgcegyg

gegggeggtyg

cagccaagat

cggcaacaac

atgccgcaaa

cgeeggttet

geggtagega

ggaccgtege

tggtgataat

aattaagtga

gagaattttyg

caaatatatc

TCTGACTTAC

TTCAAGGCGA

AACGGCGAAG

CAGGGGCAGG

GCATTATCGA

GCCGCCATCG

CGGGGATGTT

GAAAATACAG

TTTGCCGGCA

VVSEKETEAK

PKNEDEVAQN

ANQPDMANAA

SNPAPANGGS

QLKSEFEKLS

PTSFARFRRS

PEGNYRYLTY

NGRPYPTRGR

TWTENGSGDV

cccttteage

gcggacacge

ggaaggggtyg

cgcagcaage

atggcggcag

ggacaaccce

atgccgecga

tcagatteceg

ttttggaagyg

aaaatataac

ttattggatg

tgaagaaaaa

teggtttggt

atcttctata
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701

751

801

851

901

951

1001

1051

1101

1151

1201

1251
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-continued
cggacaaacc acctactcegt tctgcacggt cgaggaggtc gettcceggece

gagattccge tgattccegt caatcaggec gatacgetga ttgtggatgg
ggaagcggte agectgacgg ggcattcegg caatatctte gegeccgaag
ggaattaccg gtatctgact tacggggcegg aaaaattgec cggeggateg
tatgeccctece gtgtgcaagg cgaaccggca aaaggcgaaa tgcttgttgg
cacggeegtyg tacaacggeg aagtgetgca tttccatatg gaaaacggcec
gtcegtacce gtecggagge aggtttgecg caaaagtega ttteggeage
aaatctgtgg acggcattat cgacagegge gatgatttge atatgggtac
gcaaaaattc aaagccgcca tcgatggaaa cggetttaag gggacttgga
cggaaaatgg cggeggggat gtttecggaa ggttttacgg cceggecgge
gaggaagtgg cgggaaaata cagctatcge ccgacagatg ctgaaaaggg

cggattegge gtgtttgeeg gcaaaaaaga tcgggattga

This corresponds to the amino acid sequence <SEQ 1D 3106;

ORF 287.ng>:
g287.pep
1 MFKRSVIAMA CIFPLSACGG GGGGSPDVKS ADTPSKPAAP VVAENAGEGV
51 LPKEKKDEEA AGGAPQADTQ DATAGEGSQD MAAVSAENTG NGGAATTDNP
101  KNEDAGAQND MPONAAESAN QTGNNQPAGS SDSAPASNPA PANGGSDFGR
151 TNVGNSVVID GPSQNITLTH CKGDSCNGDN LLDEEAPSKS EFEKLSDEEK
201  IKRYKKDEQR ENFVGLVADR VKKDGTNKYI IFYTDKPPTR SARSRRSLPA
251 EIPLIPVNQA DTLIVDGEAV SLTGHSGNIF APEGNYRYLT YGAEKLPGGS
301  YALRVQGEPA KGEMLVGTAV YNGEVLHFHM ENGRPYPSGG RFAAKVDFGS
351 KSVDGIIDSG DDLHMGTQKF KAAIDGNGFK GTWTENGGGD VSGRFYGPAG
401 EEVAGKYSYR PTDAEKGGFG VFAGKKDRD*
40
m287/g287 70.1% identity in 499 aa overlap
10 20 30 40 49
m287.pep MFKRSVIAMACIFALSACGGGGGGSPDVKSADTLSKPAAPVVSE----------- KETEA
COTVEETECETEE FEEEEE L T = [: |l
g287 MFKRSVIAMACIFPLSACGGGGGESPDVKSADTP SKPAAPVVAENAGEGVLPKEKKDEEA
10 20 30 40 50 60
50 60 70 80 90 100 109
m287.pep KEDAPQAGSQGQGAPSAQGSQDMAAVSEENTGNGGAVTADNPKNEDEVAQNDMPQNAAGT
N R N R A A A s
g287 AGGAPQADTQD- - ATAGEGS QDMAAV SAENTGNGGAATTDNPKNEDAGAQNDMPQONAA - -
70 80 90 100 110
110 120 130 140 150 160 169
m287.pep DSSTPNHTPDPNMLAGNMENQATDAGES SQPANQPDMANAADGMOGDDPSAGGQNAGNTA
G287  mm e e e
170 180 190 200 210 220 229
m287.pep AQGANQAGNNQAAGSSDPIPASNPAPANGGSNFGRVDLANGVLIDGPSQNITLTHCKGDS
SV VL PPV s e s e L LT TDL LT
g287 - ESANQTGNNQPAGSSDSAPASNPAPANGGSDFGRTNVGNSVVIDGPSQNITLTHCKGDS
120 130 140 150 160 170
230 240 250 260 270 280 289
m287.pep CSGNNFLDEEVQLKSEFEKLSDADKISNYKKDGKNDKFVGLVADSVQMKGINQYIIFYKP
R R I e A A R A e
g287 CNGDNLLDEEAPSKSEFEKLSDEEKI KRYKKDEQRENFVGLVADRVKKDGTNKY IIFYTD

180 190 200 210 220 230
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m287

g287

m287

g287

m287

g287

m287

g287

-continued
290 300 310 320
.pep KPTSFARFRRSARSRRSLPAEMPLIPVNQADTLIVDGEAVSLTGHSGNIFAPEGNYRYLT
[
KPPT
240 250 260
350 360 370 380
.pep YGAEKLPGGSYALRVQGEPAKGEMLAGAAVYNGEVLHFHTENGRPYPTRGRFAAKVDFGS
CEEVLCVEEEERT LTt PPt teree =t
YGAEKLPGGS YALRVQGEPAKGEMLYV GTAVYNGEVLHFHMENGRPY PSGGRFAAKVDFGS
300 310 320
410 420 430 440
.pep KSVDGIIDSGDDLHMGTQKFKAAIDGNGFKGTWTENGSGDVSGKFYGPAGEEVAGKYSYR
CEEVEVEEEEET LT e = 0= Ly r
KSVDGI IDSGDDLHMGTQKFKAAI DGNGFKGTWTENGGGDVSGRFYGPAGEEVAGKYSYR
360 370 380
470 480 489
.pep PTDAEKGGFGVFAGKKEQDX
[LEPLULELEED T e ]
PTDAEKGGFGVFAGKKDRDX
420 430

US 9,266,929 B2

330 340

349

————— RSARSRRSLPAEIPLIPVNQADTLIVDGEAVSLTGHSGNIFAPEGNYRYLT

The following partial DNA sequence was identified in N.
meningitidis <SEQ ID 3107>:

a287.seq
1

51
101
151
201
251
301
351
401
451
501
551
601
651
701
751
801
851
901
951

1001
1051
1101
1151
1201

1251

ATGTTTAAAC

CTGTGGGGGC

TGTCAAAACC

CTGCCGAAAG

CGATACGCAG

TTTCGGCAGA

GAAAATAAAG

TACAGATAGT

GAGATATGGG

AACCAACCGG

GTCGGCAGGG

CTGAAAACARA

CCTAACGCCA

TGGCATCAAG

AAGACAAAGT

TCAGAATTTG

AGACGAGCAA

AGAATGGAAC

TCTTCATCTG

GGCCGAGATG

ATGGGGAAGC

GAAGGGAATT

ATCGTATGCC

CGGGCACGGC

GGCCGTCCGT

CAGCARATCT

GCAGTGTGAT

GGCGGTGGCG

TGCCGCCCCT

AAAAGAAAGA

GACGCAACCG

AAATACAGGC

ACGAGGGACC

TCGACACCGA

AAACCAAGCA

ATATGGCAAA

GAAAATGCCG

TCAAGTCGGC

CGAATGGCGG

CTTGACAGCG

ATGCGATAGA

AAAAATTAAG

CGAGAGAATT

TAACAAATAT

CGCGATTCAG

CCGCTGATTC

GGTCAGCCTG

ACCGGTATCT

CTCAGTGTGC

CGTGTACAAC

CCCCGTCCGG

GTGGACGGCA

TGCAATGGCT

GATCGCCCGA

GTTGTTACTG

TGAGGAGGCG

CCGGAAAAGG

AATGGCGGTG

GCAAAATGAT

ATCACACCCC

CCGGATGCCG

TGCGGCGGAC

GCAATACGGC

GGCTCTCAAA

CAGCGATTTT

GTTCGGAAAA

GATTTCTTAG

TGATGAAGAA

TTGTCGGTTT

GTCATCATTT

GCGTTCTGCA

CCGTCAATCA

ACGGGGCATT

GACTTACGGG

AAGGCGAACC

GGCGAAGTGC

AGGCAGGTTT

TTATCGACAG

TGTATTGTTG

TGTTAAGTCG

AAGATGTCGG

GTGAGTGGTG

CGGTCAAGAT

CGGCAACAAC

ATGCCGCAAA

TGCACCGAAT

GGGAATCGGC

GGAATGCAGG

AGATCAAGCT

ATCCTGCCTC

GGAAGGATAA

TGTAACGTTG

ATGAAGAAGC

AAAATTAATA

GGTTGCTGAC

ATAAAGACARA

CGGTCGAGGC

GGCGGATACG

CCGGCAATAT

GCGGAAAAAT

GGCAAAAGGC

TGCATTTCCA

GCCGCAAAAG

CGGCGATGAT

270 280
390 400

330 340
450 460

390 400

CCCTTTCAGC

GCGGACACGC

GGAAGAGGTG

CGCCGCAAGC

ATGGCGGCAG

GGATAATCCC

ATGCCGCCGA

ATGCCAACCA

ACAACCGGCA

GGGACGATCC

GCAAATCAAG

TTCAACCAAT

ATGTAGCTAA

ACACATTGTA

ACCACCAAAR

AATATAAAAR

AGGGTAGAAA

GTCCGCTTCA

GGTCGCTTCC

CTGATTGTCG

CTTCGCGCCC

TGTCCGGCGG

GAAATGCTTG

TATGGAAAAC

TCGATTTCGG

TTGCATATGG

290
409

350
469

410

136



1301

1351

1401

1451
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137

-continued
GTACGCAAAA ATTCAAAGCC GTTATCGATG GAAACGGCTT TAAGGGGACT

TGGACGGAAA ATGGCGGCGG GGATGTTTCC GGAAGGTTTT ACGGCCCGGC
CGGCGAAGAA GTGGCGGGAA AATACAGCTA TCGCCCGACA GATGCGGAAA

AGGGCGGATT CGGCGTGTTT GCCGGCAAAA AAGAGCAGGA TTGA

This corresponds to the amino acid sequence <SEQ ID 3108;

ORF 287.

a287.pep
1

51
101
151
201
251
301
351
401

451

a>:

MFKRSVIAMA CIVALSACGG GGGGSPDVKS ADTLSKPAAP VVTEDVGEEV

LPKEKKDEEA VSGAPQADTQ DATAGKGGQD MAAVSAENTG NGGAATTDNP

ENKDEGPQND MPQNAADTDS STPNHTPAPN MPTRDMGNQA PDAGESAQPA

NQPDMANAAD GMQGDDPSAG ENAGNTADQA ANQAENNQVG GSQNPASSTN

PNATNGGSDF GRINVANGIK LDSGSENVTL THCKDKVCDR DFLDEEAPPK

SEFEKLSDEE KINKYKKDEQ RENFVGLVAD RVEKNGTNKY VIIYKDKSAS
SSSARFRRSA RSRRSLPAEM PLIPVNQADT LIVDGEAVSL TGHSGNIFAP
EGNYRYLTYG AEKLSGGSYA LSVQGEPAKG EMLAGTAVYN GEVLHFHMEN
GRPSPSGGRF AAKVDFGSKS VDGIIDSGDD LHMGTQKFKA VIDGNGFKGT

WTENGGGDVS GRFYGPAGEE VAGKYSYRPT DAEKGGFGVF AGKKEQD*

m287/a287 77.2% identity in 501 aa overlap

m287

az287

m287

az287

m287

az287

m287

az287

m287

az287

m287

az287

m287

az287

m287

az287

10 20 30 40 49
.pep MFKRSVIAMACIFALSACGGGGGGSPDVKSADTLSKPAAPVVSE - -~ -- - - - KETEA
COTVEETECETE TEEELEL LT LT [: |l
MFKRSVIAMACIVALSACGGGGGGSPDVKSADTLSKPAAPYVVTEDVGEEVLPKEKKDEEA

10 20 30 40 50 60

50 60 70 80 90 100 109
.pep KEDAPQAGSQGQGAPSAQGSQDMAAVSEENTGNGGAVTADNPKNEDEVAQNDMPONAAGT
ITE 0 L eee b= LUEEEE LT LU0 0T THTT |
VSGAPQADTQ- - DATAGKGGQDMAAV SAENTGNGGAATTDNPENKDEGPQNDMPQNAADT

70 80 90 100 110

110 120 120 140 150 160 169
.pep DSSTPNHTPDPNMLAGNMENQATDAGESSQPANQPDMANAADGMQGDDPSAGGONAGNTA
CLCLLL L = =8 L U= UL T < L
DSSTPNHTPAPNMPTRDMGNQAPDAGESAQPANQPDMANAADGMQGDDPSAG - ENAGNTA

120 130 140 150 160 170

170 180 190 200 210 220 229
.pep AQGANQAGNNQAAGSSDPIPASNPAPANGGSNFGRVDLANGVLIDGPSQNITLTHCKGDS
LT 0Tl el ool ol Il e 0T <1 Lol 1ITIT]
DOAANQAENNQVGGSQNPAS STNPNATNGGSDFGRINVANGI KLDSGSENVTLTHCKDKV
180 190 200 210 220 230

230 240 250 260 270 280 289
.pep CSGNNFLDEEVQLKSEFEKLSDADKISNYKKDGKNDKFVGLVADSVOMKGINQYIIFYKP
N
CD-RDFLDEEAPPKSEFEKLSDEEKINKYKKDEQRENFVGLVADRVEKNGTNKYVIIYKD
240 250 260 270 280 290

290 300 310 320 330 340
.pep KP--TSFARFRRSARSRRSLPAEMPLIPVNQADTLIVDGEAVSLTGHSGNIFAPEGNYRY

KSASSSSARFRRSARSRRSLPAEMPLIPVNQADTLIVDGEAVSLTGHSGNIFAPEGNYRY
300 310 320 330 340 350
350 360 370 380 390 400
.pep LTYGAEKLPGGSYALRVQGEPAKGEMLAGAAY YNGEVLHFHTENGRPYPTRGRFAAKVDE
R N e iy
LTYGAEKLSGGS YALSVQOGEPAKGEMLAGTAY YNGEVLHFHMENGRPS PSGGRFAAKVDE
360 370 380 390 400 410
410 420 430 440 450 460

.pep GSKSVDGIIDSGDDLHMGTQKFKAAIDGNGFKGTWTENGSGDVSGKFYGPAGEEVAGKYS
CCLCLCCUUUCCET D= O D LT
GSKSVDGI IDSGDDLHMGTQKFKAVIDGNGFKGTWTENGGGDVSGRFYGPAGEEVAGKYS

420 430 440 450 460 470
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139 140

-continued
470 480 489
m287.pep YRPTDAEKGGFGVFAGKKEQDX

LT EEELEL T
a287 YRPTDAEKGGFGVFAGKKEQDX
480 490

406
The following partial DNA sequence was identified in N.
meningitidis <SEQ ID 3109>:

406 .

" fquTGCAAGCAC GGCTGCTGAT ACCTATTCTT TTTTCAGTTT TTATTTTATC
51 CGCCTGCGGG ACACTGACAG GTATTCCATC GCATGGCGGA GGTAAACGCT
101 TTGCGGTCGA ACAAGAACTT GTGGCCGCTT CTGCCAGAGC TGCCGTTAAA
151 GACATGGATT TACAGGCATT ACACGGACGA AAAGTTGCAT TGTACATTGC
201 CACTATGGGC GACCAAGGTT CAGGCAGTTT GACAGGGGGT CGCTACTCCA
251 TTGATGCACT GATTCGTGGC GAATACATAA ACAGCCCTGC CGTCCGTACC
301 GATTACACCT ATCCACGTTA CGAAACCACC GCTGAAACAA CATCAGGCGG
351 TTTGACAGGT TTAACCACTT CTTTATCTAC ACTTAATGCC CCTGCACTCT
401 CTCGCACCCA ATCAGACGGT AGCGGAAGTA AAAGCAGTCT GGGCTTAAAT
451 ATTGGCGGGA TGGGGGATTA TCGAAATGAA ACCTTGACGA CTAACCCGCG
501 CGACACTGCC TTTCTTTCCC ACTTGGTACA GACCGTATTT TTCCTGCGCG
551 GCATAGACGT TGTTTCTCCT GCCAATGCCG ATACAGATGT GTTTATTAAC
601 ATCGACGTAT TCGGAACGAT ACGCAACAGA ACCGAAATGC ACCTATACAA
651 TGCCGAAACA CTGAAAGCCC AAACAAAACT GGAATATTTC GCAGTAGACA
701 GAACCAATAA AAAATTGCTC ATCAAACCAA AAACCAATGC GTTTGAAGCT
751 GCCTATAAAG AAAATTACGC ATTGTGGATG GGGCCGTATA AAGTAAGCAA
801 AGGAATTAAA CCGACGGAAG GATTAATGGT CGATTTCTCC GATATCCGAC
851 CATACGGCAA TCATACGGGT AACTCCGCCC CATCCGTAGA GGCTGATAAC
901 AGTCATGAGG GGTATGGATA CAGCGATGAA GTAGTGCGAC AACATAGACA

951 AGGACAACCT TGA
45

This corresponds to the amino acid sequence <SEQ ID 3110;
ORF 406>

m406 .pep
1 MOARLLIPIL FSVFILSACG TLTGIPSHGG GKRFAVEQEL VAASARAAVK

51 DMDLQALHGR KVALYIATMG DQGSGSLTGG RYSIDALIRG EYINSPAVRT
101 DYTYPRYETT AETTSGGLTG LTTSLSTLNA PALSRTQSDG SGSKSSLGLN
151 IGGMGDYRNE TLTTNPRDTA FLSHLVQTVF FLRGIDVVSP ANADTDVFIN
201 IDVFGTIRNR TEMHLYNAET LKAQTKLEYF AVDRTNKKLL IKPKTNAFEA
251 AYKENYALWM GPYKVSKGIK PTEGLMVDFS DIRPYGNHTG NSAPSVEADN

301 SHEGYGYSDE VVRQHRQGQP *

The following partial DNA sequence was identified in N.
gonorrhoeae <SEQ ID 3111>:



g406 .seq
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1 ATGCGGGCAC GGCTGCTGAT ACCTATTCTT TTTTCAGTTT TTATTTTATC

51 CGCCTGCGGG ACACTGACAG GTATTCCATC GCATGGCGGA GGCAAACGCT

101 TCGCGGTCGA ACAAGAACTT GTGGCCGCTT CTGCCAGAGC TGCCGTTAAA

151 GACATGGATT TACAGGCATT ACACGGACGA AAAGTTGCAT TGTACATTGC

201 AACTATGGGC GACCAAGGTT CAGGCAGTTT GACAGGGGGT CGCTACTCCA

251 TTGATGCACT GATTCGCGGC GAATACATAA ACAGCCCTGC CGTCCGCACC

301 GATTACACCT ATCCGCGTTA CGAAACCACC GCTGAAACAA CATCAGGCGG

351 TTTGACGGGT TTAACCACTT CTTTATCTAC ACTTAATGCC CCTGCACTCT

401 CGCGCACCCA ATCAGACGGT AGCGGAAGTA GGAGCAGTCT GGGCTTAAAT

451 ATTGGCGGGA TGGGGGATTA TCGAAATGAA ACCTTGACGA CCAACCCGCG

501 CGACACTGCC TTTCTTTCCC ACTTGGTGCA GACCGTATTT TTCCTGCGCG

551 GCATAGACGT TGTTTCTCCT GCCAATGCCG ATACAGATGT GTTTATTAAC

601 ATCGACGTAT TCGGAACGAT ACGCAACAGA ACCGAAATGC ACCTATACAA

651 TGCCGAAACA CTGAAAGCCC AAACAAAACT GGAATATTTC GCAGTAGACA

701 GAACCAATAA AAAATTGCTC ATCAAACCCA AAACCAATGC GTTTGAAGCT

751 GCCTATAAAG AAAATTACGC ATTGTGGATG GGGCCGTATA AAGTAAGCAA

801 AGGAATCAAA CCGACGGAAG GATTGATGGT CGATTTCTCC GATATCCAAC

851 CATACGGCAA TCATACGGGT AACTCCGCCC CATCCGTAGA GGCTGATAAC

901 AGTCATGAGG GGTATGGATA CAGCGATGAA GCAGTGCGAC AACATAGACA

951 AGGGCAACCT TGA

35

This corresponds to the amino acid sequence <SEQ 1D 3112;

ORF 406>:

g406 .pep

1 MRARLLIPIL FSVFILSACG TLTGIPSHGG GKRFAVEQEL VAASARAAVK

51 DMDLQALHGR KVALYIATMG DQGSGSLTGG RYSIDALIRG EYINSPAVRT

101 DYTYPRYETT AETTSGGLTG LTTSLSTLNA PALSRTQSDG SGSRSSLGLN

151 IGGMGDYRNE TLTTNPRDTA FLSHLVQTVF FLRGIDVVSP ANADTDVFIN

201 IDVFGTIRNR TEMHLYNAET LKAQTKLEYF AVDRTNKKLL IKPKTNAFEA

251 AYKENYALWM GPYKVSKGIK PTEGLMVDFS DIQPYGNHTG NSAPSVEADN

301 SHEGYGYSDE AVRQHRQGQP *

ORF 406 shows 98.8% identity over a 320 aa overlap with a
predicted ORF (ORF406.a) from N. gonorrhoeae:

g406/m406

g406 .pep

m406

g406 .pep

m406

10 20 30 40 50 60
MRARLLIPILFSVFILSACGTLTGIPSHGGGKRFAVEQELVAASARAAVKDMDLQALHGR
NN
MQOARLLIPILFSVFILSACGTLTGIPSHGGGKRFAVEQELVAASARAAVKDMDLQALHGR

10 20 30 40 50 60

70 80 90 100 110 120
KVALYIATMGDQGSGSLTGGRY SIDALIRGEY INSPAVRTDYTYPRYETTAETTSGGLTG
COPPETEREREE T e e e e e e e e e
KVALYIATMGDQGSGSLTGGRYSIDALIRGEY INSPAVRTDYTYPRYETTAETTSGGLTG

70 80 90 100 110 120

142



g406

m406

g406

m406

g406

m406

g406

m406

-pep

-pep

-pep
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143

-continued
130 140 150 160 170 180
LTTSLSTLNAPALSRTQSDGSGSRSS LGLNIGGMGD YRNETL TTNPRDTAFLSHLVQTVE
CEEVTUCLEEEER LRt tE et e et e e ey r
LTTSLSTLNAPALSRTQSDGSGSKSSLGLNIGGMGD YRNETL TTNPRDTAFLSHLVQTVF
130 140 150 160 170 180
190 200 210 220 230 240
FLRGIDVVSPANADTDVFINIDVFGTIRNRTEMHLYNAETLKAQTKLEYFAVDRTNKKLL
CEEELELEEEEET LTt e et et e e ey r
FLRGIDVVSPANADTDVFINIDVFGTIRNRTEMHLYNAETLKAQTKLEYFAVDRTNKKLL
190 200 210 220 230 240
250 260 270 280 290 300
IKPKTNAFEAAYKENYALWMGPYKVSKGIKPTEGLMVDFSDIQPYGNHTGNSAPSVEADN

IKPKTNAFEAAYKENYALWMGPYKVSKGIKPTEGLMVDFSDIRPYGNHTGNSAPSVEADN

250
310

260
320

.pep SHEGYGYSDEAVRQHRQGQPX

SHEGYGYSDEVVRQHRQGQPX

310

320

270

The following partial DNA sequence was identified in N.
meningitidis <SEQ ID 3113>:

a406 .seq
1

51
101
151
201
251
301
351
401
451
501
551
601
651
701
751
801
851
901

951

ATGCAAGCAC

CGCCTGCGGG

TCGCGGTCGA

GACATGGATT

AACTATGGGC

TTGATGCACT

GATTACACCT

TTTGACAGGT

CGCGCACCCA

ATTGGCGGGA

CGACACTGCC

GCATAGACGT

ATCGACGTAT

TGCCGAAACA

GAACCAATAA

GCCTATAAAG

AGGAATTAAA

CATACGGCAA

AGTCATGAGG

AGGGCAACCT

GGCTGCTGAT

ACACTGACAG

ACAAGAACTT

TACAGGCATT

GACCAAGGTT

GATTCGTGGC

ATCCACGTTA

TTAACCACTT

ATCAGACGGT

TGGGGGATTA

TTTCTTTCCC

TGTTTCTCCT

TCGGAACGAT

CTGAAAGCCC

AAAATTGCTC

AAAATTACGC

CCGACAGAAG

TCATATGGGT

GGTATGGATA

TGA

ACCTATTCTT

GTATTCCATC

GTGGCCGCTT

ACACGGACGA

CAGGCAGTTT

GAATACATAA

CGAAACCACC

CTTTATCTAC

AGCGGAAGTA

TCGAAATGAA

ACTTGGTACA

GCCAATGCCG

ACGCAACAGA

AAACAAAACT

ATCAAACCAA

ATTGTGGATG

GATTAATGGT

AACTCTGCCC

CAGCGATGAA

TTTTCAGTTT

GCATGGCGGA

CTGCCAGAGC

AAAGTTGCAT

GACAGGGGGT

ACAGCCCTGC

GCTGAAACAA

ACTTAATGCC

AAAGCAGTCT

ACCTTGACGA

GACCGTATTT

ATACGGATGT

ACCGAAATGC

GGAATATTTC

AAACCAATGC

GGACCGTATA

CGATTTCTCC

CATCCGTAGA

GCAGTGCGAC

This corresponds to the amino acid sequence <SEQ ID 3114,

ORF 406.

a406 .pep
1

51

101

a>:

MOARLLIPIL FSVFILSACG TLTGIPSHGG GKRFAVEQEL

DMDLQALHGR KVALYIATMG DQGSGSLTGG RYSIDALIRG

DYTYPRYETT AETTSGGLTG LTTSLSTLNA PALSRTQSDG

280 290 300

TTATTTTATC

GGTAAACGCT

TGCCGTTAAA

TGTACATTGC

CGCTACTCCA

CGTCCGTACC

CATCAGGCGG

CCTGCACTCT

GGGCTTAAAT

CTAACCCGCG

TTCCTGCGCG

GTTTATTAAC

ACCTATACAA

GCAGTAGACA

GTTTGAAGCT

AAGTAAGCAA

GATATCCAAC

GGCTGATAAC

GACATAGACA

VAASARAAVK

EYINSPAVRT

SGSKSSLGLN
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151 IGGMGDYRNE TLTTNPRDTA FLSHLVQIVF FLRGIDVVSP ANADTDVFIN
201 IDVFGTIRNR TEMHLYNAET LKAQTKLEYF AVDRTNKKLL IKPKTNAFEA
251  AYKENYALWM GPYKVSKGIK PTEGLMVDFS DIQPYGNHMG NSAPSVEADN
301 SHEGYGYSDE AVRRHRQGQP *
m406/a406 98.8% identity in 320 aa overlap
10 20 30 40 50 60
m406 .pep MOARLLIPILFSVFILSACGTLTGIPSHGGGKRFAVEQELVAASARAAVKDMDLQALHGR
COTLEEEEEEREL TP LT L T LT
ad06 MQARLLIPILFSVFILSACGTLTGIPSHGGGKRFAVEQELVAASARAAVKDMDLQALHGR
10 20 30 40 50 60
70 80 90 100 110 120
m406 .pep KVALYIATMGDQGSGSLTGGRYSIDALIRGEYINSPAVRTDYTYPRYETTAETTSGGLTG
COPPETEREREE T e e e e e e e e e
ad06 KVALYIATMGDQGSGSLTGGRYSIDALIRGEY INSPAVRTDY TYPRYETTAETTSGGLTG
70 80 90 100 110 120
130 140 150 160 170 180
m406 .pep LTTSLSTLNAPALSRTQSDGSGSKSSLGLNIGGMGDYRNETLTTNPRDTAFLSHLVQTVF
FEELEEEELETE TP L TP
ad06 LTTSLSTLNAPALSRTQSDGSGSKSSLGLNIGGMGDYRNETL TTNPRDTAFLSHLVQTVE
130 140 150 160 170 180
190 200 210 220 230 240
m406 .pep FLRGIDVVSPANADTDVFINIDVFGTIRNRTEMHLYNAETLKAQTKLEYFAVDRTNKKLL
CETLTTELETE T L TP T T LT
ad06 FLRGIDVVSPANADTDVF INIDVFGTIRNRTEMHLYNAETLKAQTKLEYFAVDRTNKKLL
190 200 210 220 230 240
250 260 270 280 290 300
m406 .pep IKPKTNAFEAAYKENYALWMGPYKVSKGIKPTEGLMVDFSDIRPYGNHTGNSAPSVEADN
CETLEPETET LT e e e e = L e
ad06 IKPKTNAFEAAYKENYALWMGPYKVSKGIKPTEGLMVDFSDIQPYGNHMGNSAPSVEADN
250 260 270 280 290 300
310 320
m406 .pep SHEGYGYSDEVVRQHRQGOPX
LETEETEI =TT
ad06 SHEGYGYSDEAVRRHRQGOPX
310 320
Example 2 Example 3
40
Expression of ORF 919 Expression of ORF 279

The primer described in Table 1 for ORF 919 was used to
locate and clone ORF 919. The predicted gene 919 was

The primer described in Table 1 for ORF 279 was used to
locate and clone ORF 279. The predicted gene 279 was

cloned in pET vector and expressed in E. co/i. The product of » cloned in pGex vector and expressed in E. coli. The product of
protein expression and purification was analyzed by SDS- protein expression and purification was analyzed by SDS-
PAGE. In panel A) is shown the analysis of 919-His fusion PAGE. In panel A) is shown the analysis of 279-GST purifi-
protein purification. Mice were immunized with the purified cation. Mice were immunized with the purified 279-GST and
919-His and sera were used for Western blot (panel B), FACS 5, sera were used for Western blot analysis (panel B), FACS
analysis (panel C), bactericidal assay (panel D), and ELISA analysis (panel C), bactericidal assay (panel D), and ELISA
assay (panel E). Symbols: M1, molecular weight marker; PP, assay (panel E). Symbols: M1, molecular weight marker; TP,
purified protein, TP, N. meningitidis total protein extract; N. meningitidis total protein extract; OMV, N. meningitidis
OMYV, N. meningitidis outer membrane vesicle preparation. outer membrane vescicle preparation. Arrows indicate the
Arrows indicate the position of the main recombinant protein 55 position of the main recombinant protein product (A) and the
product (A) and the N. meningitidis immunoreactive band N. meningitidis immunoreactive band (B). These experiments
(B). These experiments confirm that 919 is a surface-exposed confirm that 279 is a surface-exposed protein and that it is a
protein and that it is a useful immunogen. The hydrophilicity useful immunogen. The hydrophilicity plots, antigenic index,
plots, antigenic index, and amphipatic regions of ORF 919 are and amphipatic regions of ORF 279 are provided in FIG. 11.
provided in FIG. 10. The AMPHI program is used to predict © The AMPHI program is used to predict putative T-cell
putative T-cell epitopes (Gao et al 1989, J. Immunol. 143: epitopes (Gao et al 1989, J. Immunol. 143:3007; Roberts et al.
3007; Roberts et al. 1996, AIDS Res Human Retroviruses 1996, AIDS Res Human Retroviruses 12:593; Quakyi et al.
12:593; Quakyi et al. 1992, Scand J Immunol Suppl 11:9). 1992, Scand J Immunol Suppl 11:9). The nucleic acid
The nucleic acid sequence of ORF 919 and the amino acid g5 Seduence of ORF 279 and the amino acid sequence encoded

sequence encoded thereby is provided in Example 1.

thereby is provided in Example 1.
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Example 4

Expression of ORF 576 and 576-1

The primer described in Table 1 for ORF 576 was used to
locate and clone ORF 576. The predicted gene 576 was
cloned in pGex vector and expressed in E. coli. The product of
protein purification was analyzed by SDS-PAGE. In panel A)
is shown the analysis of 576-GST fusion protein purification.
Mice were immunized with the purified 576-GST and sera
were used for Western blot (panel B), FACS analysis (panel
C), bactericidal assay (panel D), and ELISA assay (panel E).
Symbols: M1, molecular weight marker; TP, N. meningitidis
total protein extract; OMV, N. meningitidis outer membrane
vescicle preparation. Arrows indicate the position of the main
recombinant protein product (A) and the N. meningitidis
immunoreactive band (B). These experiments confirm that
ORF 576 is a surface-exposed protein and that it is a useful
immunogen. The hydrophilicity plots, antigenic index, and
amphipatic regions of ORF 576 are provided in FIG. 12. The
AMPHI program is used to predict putative T-cell epitopes
(Gao et al 1989, J. Immunol. 143:3007; Roberts et al. 1996,
AIDS Res Human Retroviruses 12:593; Quakyi et al. 1992,
Scand J Immunol Suppl 11:9). The nucleic acid sequence of
ORF 576 and the amino acid sequence encoded thereby is
provided in Example 1.

Example 5
Expression of ORF 519 and 519-1

The primer described in Table 1 for ORF 519 was used to
locate and clone ORF 519. The predicted gene 519 was
cloned in pET vector and expressed in E. co/i. The product of
protein purification was analyzed by SDS-PAGE. In panel A)
is shown the analysis of 519-His fusion protein purification.
Mice were immunized with the purified 519-His and sera
were used for Western blot (panel B), FACS analysis (panel
C), bactericidal assay (panel D), and ELISA assay (panel E).
Symbols: M1, molecular weight marker; TP, N. meningitidis
total protein extract; OMV, N. meningitidis outer membrane
vesicle preparation. Arrows indicate the position of the main
recombinant protein product (A) and the N. meningitidis
immunoreactive band (B). These experiments confirm that
519 is a surface-exposed protein and that it is a useful immu-
nogen. The hydrophilicity plots, antigenic index, and amphi-
patic regions of ORF 519 are provided in FIG. 13. The
AMPHI program is used to predict putative T-cell epitopes
(Gao et al 1989, J. Immunol. 143:3007; Roberts et al. 1996,
AIDS Res Human Retroviruses 12:593; Quakyi et al. 1992,
Scand Immunol Suppl 11:9). The nucleic acid sequence of
ORF 519 and the amino acid sequence encoded thereby is
provided in Example 1.

Example 6
Expression of ORF 121 and 121-1

The primer described in Table 1 for ORF 121 was used to
locate and clone ORF 121. The predicted gene 121 was
cloned in pET vector and expressed in E. co/i. The product of
protein purification was analyzed by SDS-PAGE. In panel A)
is shown the analysis of 121-His fusion protein purification.
Mice were immunized with the purified 121-His and sera
were used for Western blot analysis (panel B), FACS analysis
(panel C), bactericidal assay (panel D), and ELISA assay
(panel E). Results show that 121 is a surface-exposed protein.
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Symbols: M1, molecular weight marker; TP, N. meningitidis
total protein extract; OMV, N. meningitidis outer membrane
vescicle preparation. Arrows indicate the position of the main
recombinant protein product (A) and the N. meningitidis
immunoreactive band (B). These experiments confirm that
121 is a surface-exposed protein and that it is a useful immu-
nogen. The hydrophilicity plots, antigenic index, and amphi-
patic regions of ORF 121 are provided in FIG. 14. The
AMPHI program is used to predict putative T-cell epitopes
(Gao et al 1989, J. Immunol. 143:3007; Roberts et al. 1996,
AIDS Res Human Retroviruses 12:593; Quakyi et al. 1992,
Scand J Immunol Suppl 11:9). The nucleic acid sequence of
ORF 121 and the amino acid sequence encoded thereby is
provided in Example 1.

Example 7
Expression of ORF 128 and 128-1

The primer described in Table 1 for ORF 128 was used to
locate and clone ORF 128. The predicted gene 128 was
cloned in pET vector and expressed in E. co/i. The product of
protein purification was analyzed by SDS-PAGE. In panel A)
is shown the analysis of 128-His purification. Mice were
immunized with the purified 128-His and sera were used for
Western blot analysis (panel B), FACS analysis (panel C),
bactericidal assay (panel D) and ELISA assay (panel E).
Results show that 128 is a surface-exposed protein. Symbols:
M1, molecular weight marker; TP, N. meningitidis total pro-
tein extract; OMV, N. meningitidis outer membrane vesicle
preparation. Arrows indicate the position of the main recom-
binant protein product (A) and the N. meningitidis immunore-
active band (B). These experiments confirm that 128 is a
surface-exposed protein and that it is a useful immunogen.
The hydrophilicity plots, antigenic index, and amphipatic
regions of ORF 128 are provided in FIG. 15. The AMPHI
program is used to predict putative T-cell epitopes (Gao et al
1989, J. Immunol. 143:3007; Roberts et al. 1996, AIDS Res
Human Retroviruses 12:593; Quakyi et al. 1992, Scand J
Immunol Suppl 11:9). The nucleic acid sequence of ORF 128
and the amino acid sequence encoded thereby is provided in
Example 1.

Example 8
Expression of ORF 206

The primer described in Table 1 for ORF 206 was used to
locate and clone ORF 206. The predicted gene 206 was
cloned in pET vector and expressed in E. co/i. The product of
protein purification was analyzed by SDS-PAGE. In panel A)
is shown the analysis of 206-His purification. Mice were
immunized with the purified 206-His and sera were used for
Western blot analysis (panel B). It is worthnoting that the
immunoreactive band in protein extracts from meningococ-
cusis 38 kDainstead of 17 kDa (panel A). To gain information
on the nature of this antibody staining we expressed ORF 206
in E. coli without the His-tag and including the predicted
leader peptide. Western blot analysis on total protein extracts
from E. coli expressing this native form of the 206 protein
showed a recative band at a position of 38 kDa, as observed in
meningococcus. We conclude that the 38 kDa band in panel
B) is specific and that anti-206 antibodies, likely recognize a
multimeric protein complex. In panel C is shown the FACS
analysis, in panel D the bactericidal assay, and in panel E) the
ELISA assay. Results show that 206 is a surface-exposed
protein. Symbols: M1, molecular weight marker; TP, N. men-
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ingitidis total protein extract; OMYV, N. meningitidis outer
membrane vesicle preparation. Arrows indicate the position
of'the main recombinant protein product (A) and the N. men-
ingitidis immunoreactive band (B). These experiments con-
firm that 206 is a surface-exposed protein and that it is a useful
immunogen. The hydrophilicity plots, antigenic index, and
amphipatic regions of ORF 519 are provided in FIG. 16. The
AMPHI program is used to predict putative T-cell epitopes
(Gao et al 1989, J. Immunol. 143:3007; Roberts et al. 1996,
AIDS Res Human Retroviruses 12:593; Quakyi et al. 1992,
Scand J Immunol Suppl 11:9). The nucleic acid sequence of
ORF 206 and the amino acid sequence encoded thereby is
provided in Example 1.

Example 9
Expression of ORF 287

The primer described in Table 1 for ORF 287 was used to
locate and clone ORF 287. The predicted gene 287 was
cloned in pGex vector and expressed in E. coli. The product of
protein purification was analyzed by SDS-PAGE. In panel A)
is shown the analysis of 287-GST fusion protein purification.
Mice were immunized with the purified 287-GST and sera
were used for FACS analysis (panel B), bactericidal assay
(panel C), and ELISA assay (panel D). Results show that 287
is a surface-exposed protein. Symbols: M1, molecular weight
marker. Arrow indicates the position of the main recombinant
protein product (A). These experiments confirm that 287 is a
surface-exposed protein and that it is a useful immunogen.
The hydrophilicity plots, antigenic index, and amphipatic
regions of ORF 287 are provided in FIG. 17. The AMPHI
program is used to predict putative T-cell epitopes (Gao et al
1989, J. Immunol. 143:3007; Roberts et al. 1996, AIDS Res
Human Retroviruses 12:593; Quakyi et al. 1992, Scand J
Immunol Suppl 11:9). The nucleic acid sequence of ORF 287
and the amino acid sequence encoded thereby is provided in
Example 1.

Example 10
Expression of ORF 406

The primer described in Table 1 for ORF 406 was used to
locate and clone ORF 406. The predicted gene 406 was
cloned in pET vector and expressed in E. co/i. The product of
protein purification was analyzed by SDS-PAGE. In panel A)
is shown the analysis of 406-His fusion protein purification.
Mice were immunized with the purified 406-His and sera
were used for Western blot analysis (panel B), FACS analysis
(panel C), bactericidal assay (panel D), and ELISA assay
(panel E). Results show that 406 is a surface-exposed protein.
Symbols: M1, molecular weight marker; TP, N. meningitidis
total protein extract; OMV, N. meningitidis outer membrane
vescicle preparation. Arrows indicate the position of the main
recombinant protein product (A) and the N. meningitidis
immunoreactive band (B). These experiments confirm that
406 is a surface-exposed protein and that it is a useful immu-
nogen. The hydrophilicity plots, antigenic index, and amphi-
patic regions of ORF 406 are provided in FIG. 18. The
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AMPHI program is used to predict putative T-cell epitopes
(Gao et al 1989, J. Immunol. 143:3007; Roberts et al. 1996,
AIDS Res Human Retroviruses 12:593; Quakyi et al. 1992,
Scand J Immunol Suppl 11:9). The nucleic acid sequence of
ORF 406 and the amino acid sequence encoded thereby is
provided in Example 1.

Example 11
Table 2 lists several Neisseria strains which were used to

assess the conservation of the sequence of ORF 225 among
different strains.

TABLE 2
225 gene variability: List of used Neisseria strains

Identification
number Strains Source/reference

Group B
zo01_225 NG6/88 R. Moxon/Seiler et al., 1996
z002_225 BZ198 R. Moxon/Seiler et al., 1996
z003_ 225 NG3/88 R. Moxon/Seiler et al., 1996
zo04_ 225 297-0 R. Moxon/Seiler et al., 1996
zo05_225 1000 R. Moxon/Seiler et al., 1996
zo06_225 BZ147 R. Moxon/Seiler et al., 1996
zo07_225 BZ169 R. Moxon/Seiler et al., 1996
zo08__ 225 528 R. Moxon/Seiler et al., 1996
zo09__ 225 NGP165 R. Moxon/Seiler et al., 1996
z010_225 BZ133 R. Moxon/Seiler et al., 1996
zoll_225 NGE31 R. Moxon/Seiler et al., 1996
zol2_ 225 NGF26 R. Moxon/Seiler et al., 1996
zo13_ 225 NGE28 R. Moxon/Seiler et al., 1996
zol4_ 225 NGH38 R. Moxon/Seiler et al., 1996
zol5_225 SWZ107 R. Moxon/Seiler et al., 1996
zol6_ 225 NGH15 R. Moxon/Seiler et al., 1996
zol7_225 NGH36 R. Moxon/Seiler et al., 1996
z018_225 BZ232 R. Moxon/Seiler et al., 1996
z019_ 225 BZ33 R. Moxon/Seiler et al., 1996
7020_225 44/76 R. Moxon/Seiler et al., 1996
z021_ 225 MC58 R. Moxon
7096_ 225 2996 Our collection

Group A
7022_ 225 205900 R. Moxon
7023_ 225 F6124 R. Moxon
72491 72491 R. Moxon/Maiden et al., 1998

Group C
z024_ 225 90/18311 R. Moxon
7025_ 225 93/4286 R. Moxon

Others
7026_225 A22 (group W) R. Moxon/Maiden et al., 1998
7027_225 E26 (group X) R. Moxon/Maiden et al., 1998
7028_225 860800 (group Y) R. Moxon/Maiden et al., 1998
7029_ 225 E32 (group Z) R. Moxon/Maiden et al., 1998
Gonococcus

7032_225 Ng F62 R. Moxon/Maiden et al., 1998
z033_225 Ng SN4 R. Moxon
fa1090 FA1090 R. Moxon

References:
Seiler A. et al.,, Mol. Microbiol., 1996, 19(4): 841-856.
Maiden et al., Proc. Natl. Acad. Sci. USA, 1998, 95: 3140-3145.

The amino acid sequences for each listed strain are as
follows:

>FA1090 <SEQ ID 3115>

MDSFFKPAVWAVLWLMFAVRPALADELTNLLS SREQILRQFAEDEQPVLPVNRAPARRAG
NADELIGSAMGLNEQPVLPVNRAPARRAGNADELIGSAMGLLGIAYRYGGTSVSTGFDCS
GFMQHIFKRAMGINLPRTSAEQARMGAPVARSELQPGDMVFFRTLGGSRISHVGLYIGNN
RFIHAPRTGKNIEITSLSHKYWSGKYAFARRVKKNDPSRFLN*
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72491 <SEQ ID 3116>

MDSFFKPAVWAVLWLMFAVRPALADELTNLLS SREQILRQFAEDEQPVLPINRAPARRAG
NADELIGSAMGLNEQPVLPVNRVPARRAGNADELIGNAMGLNEQPVLPVNRVPARRAGNA
DELIGNAMGLNEQPVLPVNRAPARRAGNADELIGNAMGLLGIAYRYGGTSISTGFDCSGF
MOHIFKRAMGINLPRTSAEQARMGTPVARSELQPGDMVEFFRTLGGSRISHVGLYIGNNRF
ITHAPRTGKNIEITSLSHKYWSGKYAFARRVKKNDPSRFLN*

Z001_225 <SEQ ID 3117

MDSFFKPAVWAVLWLMFAVRPALADELTNLLS SREQILRQFAEDEQPVLPINRAPARRAG
NADELIGSAMGLNEQPVLPVNRVPARRAGNADELIGNAMGLNEQPVLPVNRAPARRAGNA
DELIGNAMGLLGIAYRYGGTSISTGFDCSGFMQHIFKRAMGINLPRTSAEQARMGTPVAR
SELQPGDMVFFRTLGGSRISHVGLYIGNNRFIHAPRTGKNIEI TSLSHKYWSGKYAFARR
VKKNDPSRFLN*

Z002_225 <SEQ ID 3118

MDSFFKPAVWAVLWLMFAVRPALADELTNLLS SREQILRQFAEDEQPVLPINRAPARRAG
NADELIGSAMGLNEQPVLPVNRVPARRAGNADELIGNAMGLNEQPVLPVNRAPARRAGNA
DELIGNAMGLLGIAYRYGGTSVSTGFDCSGFMQHIFKRAMGINLPRTSAEQARMGTPVAR
SELQPGDMVFFRTLGGSRISHVGLYIGNNRFIHAPRTGKNIEI TSLSHKYWSGKYAFARR
VKKNDPSRFLN*

Z003_225 <SEQ ID 3119

MDSFFKPAVWAVLWLMFAVRLALADELTNLLS SREQILRQFAEDEQPVLPINRAPARRAG
NADELIGSAMGLNEQPVLPVNRVPARRAGNADELIGNAMGLNEQPVLPVNRAPARRAGNA
DELIGNAMGLLGIAYRYGGTSVSTGFDCSGFMQHIFKRAMGINLPRTSAEQARMGTPVAR
SELQPGDMVFFRTLGGSRISHVGLYIGNNRFIHAPRTGKNIEI TSLSHKYWSGKYAFARR
VKKNDPSRFLN*

Z004_225 <SEQ ID 3120>

MDSFFKPAVWAVLWLMFAVRPALADELTNLLS SREQILRQFAEDEQPVLPINRAPARRAG
NADELIGSAMGLNEQPVLPVNRVPARRAGNADELIGNAMGLNEQPVLPVNRAPARRAGNA
DELIGNAMGLLGIAYRYGGTSVSTGFDCSGFMQHIFKRAMGINLPRTSAEQARMGTPVAR
SELQPGDMVFFRTLGGSRISHVGLYIGNNRFIHAPRTGKNIEI TSLSHKYWSGKYAFARR
VKKNDPSRFLN*

Z0O05_225 <SEQ ID 3121

MDSFFKPAVWAVLWLMFAVRPALADELTNLLS SREQILRQFAEDEQPVLPINRAPARRAG
NADELIGSAMGLNEQPVLPVNRVPARRAGNADELIGSAMGLNEQPVLPVNRAPARRAGNA
DELIGNAMGLLGIAYRYGGTSISTGFDCSGFMQHIFKRAMGINLPRTSAEQARMGTPVAR
SELQPGDMVFFRTLGGSRISHVGLYIGNNRFIHAPRTGKNIEI TSLSHKYWSGKYAFARR
VKKNDPSRFLN*

Z006_225 <SEQ ID 3122

MDSFFKPAVWAVLWLMFAVRPALADELTNLLS SREQILRQFAEDEQPVLPINRAPARRAG
NADELIGSAMGLNEQPVLPVNRVPARRAGNADELIGNAMGLNEQPVLPVNRAPARRAGNA
DELIGNAMGLLGIAYRYGGTSVSTGFDCSGFMQHIFKRAMGINLPRTSAEQARMGTPVAR
SELQPGDMVFFRTLGGSRISHVGLYIGNNRFIHAPRTGKNIEI TSLSHKYWSGKYAFARR
VKKNDPSRFLN*

Z007_225 <SEQ ID 3123>»

MDSFFKPAVWAVLWLMFAVRPALADELTNLLS SREQILRQFAEDEQPVLPINRAPARRAG
NADELIGSAMGLNEQPVLPVNRVPARRAGNADELIGNAMGLNEQPVLPVNRAPARRAGNA
DELIGNAMGLLGIAYRYGGTSVSTGFDCSGFMQHIFKRAMGINLPRTSAEQARMGTPVAR
SELQPGDMVFFRTLGGSRISHVGLYIGNNRFIHAPRTGKNIEI TSLSHKYWSGKYAFARR
VKKNDPSRFLN*

Z008_225 <SEQ ID 3124>

MDSFFKPAVWAVLWLMFAVRPALADELTNLLS SREQILRQFAEDEQPVLPINRAPARRAG
NADELIGSAMGLNEQPVLPVNRVPARRAGNADELIGSAMGLNEQPVLPVNRAPARRAGNA
DELIGNAMGLLGIAYRYGGTSISTGFDCSGFMQHIFKRAMGINLPRTSAEQARMGTPVAR
SELQPGDMVFFRTLGGSRISHVGLYIGNNRFIHAPRTGKNIEI TSLSHKYWSGKYAFARR
VKKNDPSRFLN*

Z009_225 <SEQ ID 3125

MDSFFKPAVWAVLWLMFAVRPALADELTNLLS SREQILRQFAEDEQPVLPINRAPARRAG
NADELIGSAMGLNEQPVLPVNRVPARRAGNADELIGNAMGLNEQPVLPVNRAPARRAGNA
DELIGNAMGLLGIAYRYGGTSISTGFDCSGFMQHIFKRAMGINLPRTSAEQARMGTPVAR
SELQPGDMVFFRTLGGSRISHVGLYIGNNRFIHAPRTGKNIEI TSLSHKYWSGKYAFARR
VKKNDPSRFLN*

Z010_225 <SEQ ID 3126>

MDSFFKPAVWAVLWLMFAVRPALADELTNLLS SREQILRQFAEDEQPVLPINRAPARRAG
NADELIGSAMGLNEQPVLPVNRVPARRAGNADELIGNAMGLNEQPVLPVNRAPARRAGNA
DELIGNAMGLLGIAYRYGGTSVSTGFDCSGFMQHIFKRAMGINLPRTSAEQARMGTPVAR
SELQPGDMVFFRTLGGSRISHVGLYIGNNRFIHAPRTGKNIEI TSLSHKYWSGKYAFARR
VKKNDPSRFLN*

Z01l1l 225 <SEQ ID 3127>
MDSFFKPAVWAVLWLMFAVRPALADELTNLLS SREQILRQFAEDEQPVLPINRAPARRAG
NADELIGSAMGLNEQPVLPVNRVPARRAGNADELIGNAMGLNEQPVLPVNRAPARRAGNA



US 9,266,929 B2
153 154

-continued
DELIGNAMGLNEQPVLPVNRAPARRAGNADEL IGNAMGLLGIAYRYGGTSVSTGFDCSGE
MQHI FKRAMG INLPRTSAEQARMGT PVARSELQPGDMVFFRTLGGSR I SHVGLYIGNNRE
IHAPRTGKNIEI TSLSHKYWSGKYAFARRVKKNDPSRFLN *

Z01l2_ 225 <SEQ ID 3128

MDSFFKPAVWAVLWLMFAVRPALADELTNLLS SREQILRQFAEDEQPVLPINRAPARRAG
NADELIGSAMGLNEQPVLPVNRVPARRAGNADELIGNAMGLNEQPVLPVNRAPARRAGNA
DELIGNAMGLLGIAYRYGGTSISTGFDCSGFMQHIFKRAMGINLPRTSAEQARMGTPVAR
SELQPGDMVFFRTLGGSRISHVGLYIGNNRFIHAPRTGKNIEI TSLSHKYWSGKYAFARR
VKKNDPSRFLN*

Z013_225 <SEQ ID 3129

MDSFFKPAVWAVLWLMFAVRPALADELTNLLS SREQILRQFAEDEQPVLPVNRAPARRAG
NADELIGSAMGLNEQPVLPVNRVPARRAGNADELIGNAMGLNEQPVLPVNRAPARRAGNA
DELIGNAMGLLGIAYRYGGTSVSTGFDCSGFIQHIFKRAMGINLPRTSAEQARMGTPVAR
SELQPGDMVFFRTLGGSRISHVGLYIGNNRFIHAPRTGKNIEI TSLSHKYWSGKYAFARR
VKKNDPSRFLN*

Z014_ 225 <SEQ ID 3130>

MDSFFKPAVWAVLWLMFAVRPALADELTNLLS SREQILRQFAEDEQPVLPINRAPARRAG
NADELIGSAMGLNEQPVLPVNRVPARRAGNADELIGNAMGLNEQPVLPVNRAPARRAGNA
DELIGNAMGLLGIAYRYGGTSVSTGFDCSGFMQHIFKRAMGINLPRTSAEQARMGTPVAR
SELQPGDMVFFRTLGGSRISHVGLYIGNNRFIHAPRTGKNIEI TSLSHKYWSGKYAFARR
VKKNDPSRFLN*

Z015_225 <SEQ ID 3131

MDSFFKPAVWAVLWLMFAVRPALADELTNLLS SREQILRQFAEDEQPVLPINRAPARRAG
NADELIGSAMGLNEQPVLPVNRVPARRAGNADELIGNAMGLLGIAYRYGGTSVSTGFDCS
GFMQHIFKRAMGINLPRTSAEQARMGTPVARSELQPGDMVFFRTLGGSRISHVGLY IGNN
RFIHAPRTGKNIEITSLSHKYWSGKYAFARRVKKNDPSRFLN*

Z0lé_225 <SEQ ID 3132

MDSFFKPAVWAVLWLMFAVRPALADELTNLLS SREQILRQFAEDEQPVLPINRAPARRAG
NADELIGSAMGLNEQPVLPVNRVPARRAGNADELIGNAMGLNEQPVLPVNRAPARRAGNA
DELIGNAMGLLGIAYRYGGTSVSTGFDCSGFMQHIFKRAMGINLPRTSAEQARMGTPVAR
SELQPGDMVFFRTLGGSRISHVGLYIGNNRFIHAPRTGKNIEI TSLSHKYWSGKYAFARR
VKKNDPSRFLN*

ZO17_225 <SEQ ID 3133

MDSFFKPAVWAVLWLMFAVRPALADELTNLLS SREQILRQFAEDEQPVLPINRAPARRAG
NADELIGSAMGLNEQPVLPVNRVPARRAGNADELIGNAMGLNEQPVLPVNRAPARRAGNA
DELIGNAMGLLGIAYRYGGTSVSTGFDCSGFMQHIFKRAMGINLPRTSAEQARMGTPVAR
SELQPGDMVFFRTLGGSRISHVGLYIGNNRFIHAPRTGKNIEI TSLSHKYWSGKYAFARR
VKKNDPSRFLN*

Z018_225 <SEQ ID 3134>

MDSFFKPAVWAVLWLMFAVRPALADELTNLLS SREQILRQFAEDEQPVLPINRAPARRAG
NADELIGSAMGLNEQPVLPVNRVPARRAGNADELIGNAMGLNEQPVLPVNRAPARRAGNA
DELIGNAMGLLGIAYRYGGTSVSTGFDCSGFMQHIFKRAMGINLPRTSAEQARMGTPVAR
SELQPGDMVFFRTLGGSRISHVGLYIGNNRFIHAPRTGKNIEI TSLSHKYWSGKYAFARR
VKKNDPSRFLN*

Z019_225 <SEQ ID 3135

MDSFFKPAVWAVLWLMFAVRPALADELTNLLS SREQILRQFAEDEQPVLPINRAPARRAG
NADELIGSAMGLNEQPVLPVNRVPARRAGNADELIGNAMGLNEQPVLPVNRAPARRAGNA
DELIGNAMGLLGIAYRYGGTSVSTGFDCSGFMQHIFKRAMGINLPRTSAEQARMGTPVAR
SELQPGDMVFFRTLGGSRISHVGLYIGNNRFIHAPRTGKNIEI TSLSHKYWSGKYAFARR
VKKNDPSRFLN*

Z020_225 <SEQ ID 3136>

MDSFFKPAVWAVLWLMFAVRPALADELTNLLS SREQILRQFAEDEQPVLPINRAPARRAG
NADELIGSAMGLNEQPVLPINRAPARRAGNADELIGSAMGLNEQPVLPVNRVPARRAGNA
DELIGNAMGLNEQPVLPVNRAPARRAGNADELIGNAMGLLGIAYRYGGTSVSTGFDCSGF
MOHIFKRAMGINLPRTSAEQARMGTPVARSELQPGDMVEFFRTLGGSRISHVGLYIGNNRF
ITHAPRTGKNIEITSLSHKYWSGKYAFARRVKKNDPSRFLN*

Z021 225 <SEQ ID 3137>

MDSFFKPAVWAVLWLMFAVRPALADELTNLLS SREQILRQFAEDEQPVLPINRAPARRAG
NADELIGSAMGLNEQPVLPVNRVPARRAGNADELIGNAMGLNEQPVLPVNRAPARRAGNA
DELIGNAMGLLGIAYRYGGTSVSTGFDCSGFMQHIFKRAMGINLPRTSAEQARMGTPVAR
SELQPGDMVFFRTLGGSRISHVGLYIGNNRFIHAPRTGKNIEI TSLSHKYWSGKYAFARR
VKKNDPSRFLN*

Z022_225 <SEQ ID 3138

MDSFFKPAVWAVLWLMFAVRPALADELTNLLS SREQILRQFAEDEQPVLPINRAPARRAG
NADELIGSAMGLNEQPVLPVNRVPARRAGNADELIGNAMGLNEQPVLPVNRAPARRAGNA
DELIGNAMGLLGIAYRYGGTSISTGFDCSGFMQHIFKRAMGINLPRTSAEQARMGTPVAR
SELQPGDMVFFRTLGGSRISHVGLYIGNNRFIHAPRTGKNIEI TSLSHKYWSGKYAFARR
VKKNDPSRFLN*
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Z023_225 <SEQ ID 3139

MDSFFKPAVWAVLWLMFAVRPALADELTNLLS SREQILRQFAEDEQPVLPINRAPARRAG
NADELIGSAMGLNEQPVLPVNRVPARRAGNADELIGNAMGLNEQPVLPVNRAPARRAGNA
DELIGNAMGLLGIAYRYGGTSISTGFDCSGFMQHIFKRAMGINLPRTSAEQARMGTPVAR
SELQPGDMVFFRTLGGSRISHVGLYIGNNRFIHAPRTGKNIEI TSLSHKYWSGKYAFARR
VKKNDPSRFLN*

Z024_225 <SEQ ID 3140

MDSFFKPAVWAVLWLMFAVRPALADELTNLLS SREQILRQFAEDEQPVLPINRAPARRAG
NADELIGSAMGLNEQPVLPVNRVPARRAGNADELIGNAMGLNEQPVLPVNRAPARRAGNA
DELIGNAMGLLGIAYRYGGTSISTGFDCSGFMQHIFKRAMGINLPRTSAEQARMGTPVAR
SELQPGDMVFFRTLGGSRISHVGLYIGNNRFIHAPRTGKNIEI TSLSHKYWSGKYAFARR
VKKNDPSRFLN*

Z025_225 <SEQ ID 3141

MDSFFKPAVWAVLWLMFAVRPALADELTNLLS SREQILRQFAEDEQPVLPINRAPARRAG
NADELIGSAMGLNEQPVLPVNRVPARRAGNADELIGNAMGLNEQPVLPVNRAPARRAGNA
DELIGNAMGLLGIAYRYGGTSISTGFDCSGFMQHIFKRAMGINLPRTSAEQARMGTPVAR
SELQPGDMVFFRTLGGSRISHVGLYIGNNRFIHAPRTGKNIEI TSLSHKYWSGKYAFARR
VKKNDPSRFLN*

Z026_225 <SEQ ID 3142>

MDSFFKPAVWAVLWLMFAVRPALADELTNLLS SREQILRQFAEDEQPVLPINRAPARRAG
NADELIGSAMGLNEQPVLPVNRVPARRAGNADELIGNAMGLNEQPVLPVNRAPARRAGNA
DELIGNAMGLLGIAYRYGGTSISTGFDCSGFMQHIFKRAMGINLPRTSAEQARMGTPVAR
SELQPGDMVFFRTLGGSRISHVGLYIGNNRFIHAPRTGKNIEI TSLSHKYWSGKYAFARR
VKKNDPSRFLN*

Z027_225 <SEQ ID 3143

MDSFFKPAVWAVLWLMFAVRPALADELTNLLS SREQILRQFAEDEQPVLPINRAPARRAG
NADELIGSAMGLNEQPVLPVNRVPARRAGNADELIGNAMGLNEQPVLPVNRAPARRAGNA
DELIGNAMGLLGIAYRYGGTSVSTGFDCSGFMQHIFKRAMGINLPRTSAEQARMGTPVAR
SELQPGDMVFFRTLGGSRISHVGLYIGNNRFIHAPRTGKNIEI TSLSHKYWSGKYAFARR
VKKNDPSRFLN*

Z028_225 <SEQ ID 3144>

MDSFFKPAVWAVLWLMFAVRPALADELTNLLS SREQILRQFAEDEQPVLPINRAPARRAG
NADELIGSAMGLNEQPVLPVNRVPARRAGNADELIGNAMGLNEQPVLPVNRAPARRAGNA
DELIGNAMGLLGIAYRYGGTSVSTGFDCSGFMQHIFKRAMGINLPRTSAEQARMGTPVAR
SELQPGDMVFFRTLGGSRISHVGLYIGNNRFIHAPRTGKNIEI TSLSHKYWSGKYAFARR
VKKNDPSRFLN*

Z029_225 <SEQ ID 3145>

MDSFFKPAVWAVLWLMFAVRPALADELTNLLS SREQILRQFAEDEQPVLPINRAPARRAG
NADELIGSAMGLNEQPVLPVNRVPARRAGNADELIGNAMGLNEQPVLPVNRAPARRAGNA
DELIGNAMGLLGIAYRYGGTSVSTGFDCSGFMQHIFKRAMGINLPRTSAEQARMGTPVAR
SELQPGDMVFFRTLGGSRISHVGLYIGNNRFIHAPRTGKNIEI TSLSHKYWSGKYAFARR
VKKNDPSRFLN*

Z032_225 <SEQ ID 3146>

MDSFFKPAVWAVLWLMFAVRPALADELTNLLS SREQILRQFAEDEQPVLPVNRAPARRAG
NADELIGSAMGLNEQPVLPVNRAPARRAGNADELIGSAMGLLGIAYRYGGTSVSTGFDCS
GFMQHIFKRAMGINLPRTSAEQARMGAPVARSELQPGDMVFFRTLGGSRISHVGLY IGNN
RFIHAPRTGKNIEITSLSHKYWSGKYAFARRVKKNDPSRFLN*

Z033_225 <SEQ ID 3147>

MDSFFKPAVWAVLWLMFAVRSALADELTNLLS SREQILRQFAEDEQPVLPVNRAPARRAG
NADELIGSAMGLNEQPVLPVNRAPARRAGNADELIGSAMGLLGIAYRYGGTSVSTGFDCS
GFMQHIFKRAMGINLPRTSAEQARMGAPVARSELQPGDMVFFRTLGGSRISHVGLY IGNN
RFIHAPRTGKNIEITSLSHKYWSGKYAFARRIKKNDPSRFLN*

Z096_225 <SEQ ID 3148
MDSFFKPAVWAVLWLMFAVRPALADELTNLLS SREQILRQFAEDEQPVLPINRAPARRAG

NADELIGSAMGLNEQPVLPVNRVPARRAGNADELIGNAMGLNEQPVLPVNRAPARRAGNA
DELIGNAMGLLGIAYRYGGTSISTGFDCSGFMQHIFKRAMGINLPRTSAEQARMGTPVAR
SELQPGDMVFFRTLGGSRISHVGLYIGNNRFIHAPRTGKNIEI TSLSHKYWSGKYAFARR

VKKNDPSRFLN*
60
FIG. 19 shows the results of aligning the sequences of each 225, further confirming its utility as an antigen for both vac-
of these strains. Dark shading indicates regions of homology, cines and diagnostics.

d hadine indicates th i £ ami d Example 12
and gray shading indicates the conservation of amino acids . . . . .
gray £ Table 3 lists several Neisseria strains which were used to

65 assess the conservation of the sequence of ORF 235 among
significant conservation among the various strains of ORF different strains.

with similar characteristics. As is readily discernible, there is
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235 gene variability: List of used Neisseria strains

235 gene variability: List of used Neisseria strains

Identification Identification
number Strains Reference 5 number Strains Reference

Group B Group C
gnmzqO1 NG6/88 Seiler et al., 1996 gnmzq24 90/18311 Our collection
gnmzq02 BZ198 Seiler et al., 1996 gnmzq25 93/4286 Our collection
gnmzq03 NG3/88 Seiler et al., 1996 10 Others
gnmzq04 1000 Seiler et al., 1996
gnmzq05 1000 Seiler et al., 1996 gnmzq26 A22 (group W) Maiden et al., 1998
gnmzq07 BZ169 Seiler et al., 1996 gnmzq27 E26 (group X) Maiden et al., 1998
gnmzq08 528 Seiler et al., 1996 gnmzq28 860800 (groupY) Maiden et al., 1998
gnmzq09 NGP165 Seiler et al., 1996 gnmzq29 E32 (group Z) Maiden et al., 1998
gnmzql0 BZ133 Seiler et al., 1996 15 gnmzq31 N. lactamica Our collection
gnmzqll NGE31 Seiler et al., 1996 Gonococeus
gnmzql3 NGE28 Seiler et al., 1996
gnmzql4 NGH38 Seiler et al., 1996 gnmzq32 Ng F62 Maiden et al., 1998
gnmzql5 SWZ107 Seiler et al., 1996 gnmzq33 Ng SN4 Our collection
gumzq16 NGH15 Seiler et al., 1996 121090 FA1090 Dempsey et al. 1991
gnmzql7 NGH36 Seiler et al., 1996
gnmzql8 BZ232 Seiler et al., 1996 20 ¢ cferences:
gnmzq19 BZ83 Seiler et al., 1996 Seiler A. et al., Mol. Microbiol., 1996, 19(4): 841-856.
gumzq21 MC58 Vigji etal., 1992 Maiden R. et al., Proc. Natl. Acad. Sci. USA, 1998, 95: 3140-3145.

Group A Virji M. et al., Mol. Microbiol., 1992, 6: 1271-1279
anmzq22 205900 Our collection Dempsey I. F. et al,, I. Bacteriol., 1991, 173: 5476-5486
gnmzq23 F6124 Our collection 25
72491 72491 Maiden et al., 1998 The amino acid sequences for each listed strain are as

follows:

FA1090 <SEQ ID 3149>
MKPLILGLAAVLALSACQVRKAPDLDYTSFKESKPASILVVPPLNESPDVNGTWGMLAST
AAPISEAGYYVFPAAVVEETFKENGLTNAADIHAVRPEKLHQIFGNDAVLYITVTEYGTS
YQILDSVTTVSAKARLVDSRNGKELWSGSASIREGSNNSNSGLLGALVGAVVNQIANSLT
DRGYQVSKTAAYNLLSPYSRNGILKGPRFVEEQPK*

GNMZQO01 <SEQ ID 3150>
MKPLILGLAAVLALSACQVQKAPDFDYTSFKESKPASILVVPPLNESPDVNGTWGVLAST
AAPLSEAGYYVFPAAVVEETFKENGLTNAADIHAVRPEKLHQIFGNDAVLYITVTEYGTS
YQILDSVTTVSAKARLVDSRNGKELWSGSASIREGSNNSNSGLLGALVSAVVNQIANNLT
DRGYQVSKTAAYNLLSPYSHNGILKGPRFVEEQPK*

GNMZQ02 <SEQ ID 3151>
MKPLILGLAAVLALSACQVQKAPDFDYTSFKESKPASILVVPPLNESPDVNGTWGVLAST
AAPLSEAGYYVFPAAVVEETFKONGLTNAADIHAVRPEKLHQIFGNDAVLYITVTEYGTS
YQILDSVTTVSAKARLVDSRNGKELWSGSASIREGSNNSNSGLLGALVSAVVNQIANSLT
DRGYQVSKTAAYNLLSPYSHNGILKGPRFVEEQPK*

GNMZQ03 <SEQ ID 3152>
MKPLILGLAAVLALSACQVQKAPDFDYTSFKESKPASILVVPPLNESPDVNGTWGVLAST
AAPLSEAGYYVFPAAVVEETFKONGLTNAADIHAVRPEKLHQIFGNDAVLYITVTEYGTS
YQILDSVTTVSAKARLVDSRNGKELWSGSASIREGSNNSNSGLLGALVSAVVNQIANSLT
DRGYQVSKTAAYNLLSPYSHNGILKGPRFVEEQPK*

GNMZQ04 <SEQ ID 3153>
MKPLILGLAAVLALSACQVQKAPDFDYTSFKESKPASILVVPPLNESPDVNGTWGVLAST
AAPLSEAGYYVFPAAVVEETFKONGLTNAADIHAVRPEKLHQIFGNDAVLYITVTEYGTS
YQILDSVTTVSAKARLVDSRNGKELWSGSASIREGSNNSNSGLLGALVSAVVNQIANSLT
DRGYQVSKTAAYNLLSPYSHNGILKGPRFVEEQPK*

GNMZQO5 <SEQ ID 3154>
MKPLILGLAAVLALSACQVQKAPDFDYTSFKESKPASILVVPPLNESPDVNGTWGVLAST
AAPLSEAGYYVFPAAVVEETFKENGLTNAADIHAVRPEKLHQIFGNDAVLYITVTEYGTS
YQILDSVTTVSAKARLVDSRNGKELWSGSASIREGSNNSNSGLLGALVSAVVNQIANNLT
DRGYQVSKTAAYNLLSPYSHNGILKGPRFVEEQPK*

GNMZQ07 <SEQ ID 3155>
MKPLILGLAAVLALSACQVQKAPDFDYTSFKESKPASILVVPPLNESPDVNGTWGVLAST
AAPLSEAGYYVFPAAVVEETFKONGLTNAADIHAVRPEKLHQIFGNDAVLYITVTEYGTS
YQILDSVTTVSAKARLVDSRNGKELWSGSASIREGSNNSNSGLLGALVSAVVNQIANSLT
DRGYQVSKTAAYNLLSPYSHNGILKGPRFVEEQPK*

GNMZQ08 <SEQ ID 3156>
MKPLILGLAAVLALSACQVQKAPDFDYTSFKESKPASILVVPPLNESPDVNGTWGVLAST
AAPLSEAGYYVFPAAVVEETFKENGLTNAADIHAVRPEKLHQIFGNDAVLYITVTEYGTS
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YQILDSVTTVSAKARLVDSRNGKELWSGSASIREGSNNSNSGLLGALVSAVVNQIANNLT
DRGYQVSKTAAYNLLSPYSHNGILKGPREFVEEQPK*

GNMZQ09 <SEQ ID 3157>
MKPLILGLAAALVLSACQVQKAPDFDYTSFKESKPASILVVPPLNESPDVNGTWGMLAST
AEPLSEAGYYVFPAAVVEETFKONGLTNAADIHAVQPEKLHQIFGNDAVLYITITEYGTS
YQILDSVTTVSARARLVDSRNGKVLWSGSASIREGSNNSNSGLLGALVSAVVNQIANSLT
DRGYQVSKTAAYNLLSPYSHNGILKGPRFVEEQPK*

GNMZQ10 <SEQ ID 3158>
MKPLILGLAAVLALSACQVQKAPDFDYTSFKESKPASILVVPPLNESPDVNGTWGVLAST
AAPLSEAGYYVFPAAVVEETFKONGLTNAADIHAVRPEKLHQIFGNDAVLYITVTEYGTS
YQILDSVTTVSAKARLVDSRNGKELWSGSASIREGSNNSNSGLLGALVSAVVNQIANSLT
DRGYQVSKTAAYNLLSPYSHNGILKGPRFVEEQPK*

GNMZQ11l <SEQ ID 3159>
MKPLILGLAAVLALSACQVQKAPDFDYTSFKESKPASILVVPPLNESPDVNGTWGVLAST
AAPLSEAGYYVFPAAVVEETFKONGLTNAADIHAVRPEKLHQIFGNDAVLYITVTEYGTS
YQILDSVTTVSAKARLVDSRNGKELWSGSASIREGSNNSNSGLLGALVSAVVNQIANSLT
DRGYQVSKTAAYNLLSPYSHNGILKGPRFVEEQPK*

GNMZQ13 <SEQ ID 3160>
MKPLILGLAAVLALSACQVQKAPDFDYTSFKESKPASILVVPPLNESPDVNGTWGVLAST
AAPLSEAGYYVFPAAVVEETFKONGLTNAADIHAVRPEKLHQIFGNDAVLYITVTEYGTS
YQILDSVTTVSAKARLVDSRNGKELWSGSASIREGSNNSNSGLLGALVSAVVNQIANSLT
DRGYQVSKTAAYNLLSPYSHNGILKGPRFVEEQPK*

GNMZQ14 <SEQ ID 3161>
MKPLILGLAAVLALSACQVQKAPDFDYTSFKESKPASILVVPPLNESPDVNGTWGVLAST
AAPLSEAGYYVFPAAVVEETFKONGLTNAADIHAVRPEKLHQIFGNDAVLYITVTEYGTS
YQILDSVTTVSAKARLVDSRNGKELWSGSASIREGSNNSNSGLLGALVGAVVNQIANSLT
DRGYQVSKTAAYNLLSPYSHNGILKGPRFVEEQPK*

GNMZQ15 <SEQ ID 3162>
MKPLILGLAAVLALSACQVQKAPDFDYTSFKESKPASILVVPPLNESPDVNGTWGVLAST
AAPLSEAGYYVFPAAVVEETFKONGLTNAADIHAVRPEKLHQIFGNDAVLYITVTEYGTS
YQILDSVTTVSAKARLVDSRNGKELWSGSASIREGSNNSNSGLLGALVSAVVNQIANSLT
DRGYQVSKTAAYNLLSPYSHNGILKGPRFVEEQPK*

GNMZQ16 <SEQ ID 3163>
MKPLILGLAAVLALSACQVQKAPDFDYTSFKESKPASILVVPPLNESPDVNGTWGVLAST
AAPLSEAGYYVFPAAVVEETFKONGLTNAADIHAVRPEKLHQIFGNDAVLYITVTEYGTS
YQILDSVTTVSAKARLVDSRNGKELWSGSASIREGSNNSNSGLLGALVSAVVNQIANSLT
DRGYQVSKTAAYNLLSPYSHNGILKGPRFVEEQPK*

GNMZQ17 <SEQ ID 3164>
MKPLILGLAAVLALSACQVQKAPDFDYTSFKESKPASILVVPPLNESPDVNGTWGVLAST
AAPLSEAGYYVFPAAVVEETFKONGLTNAADIHAVRPEKLHQIFGNDAVLYITVTEYGTS
YQILDSVTTVSAKARLVDSRNGKELWSGSASIREGSNNSNSGLLGALVSAVVNQIANSLT
DRGYQVSKTAAYNLLSPYSHNGILKGPRFVEEQPK*

GNMZQ18 <SEQ ID 3165>
MKPLILGLAAVLALSACQVQKAPDFDYTSFKESKPASILVVPPLNESPDVNGTWGVLAST
AAPLSEAGYYVFPAAVVEETFKONGLTNAADIHAVRPEKLHQIFGNDAVLYITVTEYGTS
YQILDSVTTVSAKARLVDSRNGKELWSGSASIREGSNNSNSGLLGALVGAVVNQIANSLT
DRGYQVSKTAAYNLLSPYSHNGILKGPRFVEEQPK*

GNMZQ19 <SEQ ID 3166>
MKPLILGLAAVLALSACQVQKAPDFDYTSFKESKPASILVVPPLNESPDVNGTWGVLAST
AAPLSEAGYYVFPAAVVEETFKONGLTNAADIHAVRPEKLHQIFGNDAVLYITVTEYGTS
YQILDSVTTVSAKARLVDSRNGKELWSGSASIREGSNNSNSGLLGALVSAVVNQIANSLT
DRGYQVSKTAAYNLLSPYSHNGILKGPRFVEEQPK*

GNMZQ21 <SEQ ID 3166>
MKPLILGLAAVLALSACQVQKAPDFDYTSFKESKPASILVVPPLNESPDVNGTWGVLAST
AAPLSEAGYYVFPAAVVEETFKONGLTNAADIHAVRPEKLHQIFGNDAVLYITVTEYGTS
YQILDSVTTVSAKARLVDSRNGKELWSGSASIREGSNNSNSGLLGALVSAVVNQIANSLT
DRGYQVSKTAAYNLLSPYSHNGILKGPRFVEEQPK*

GNMZQ22 <SEQ ID 3167>
MKPLILGLAAVLALSACQVQKAPDFDYTSFKESKPASILVVPPLNESPDVNGTWGVLAST
AAPLSEAGYYVFPAAVVEETFKONGLTNAADIHAVRPEKLHQIFGNDAVLYITVTEYGTS
YQILDSVTTVSAKARLVDSRNGKELWSGSASIREGSNNSNSGLLGALVSAVVNQIANSLT
DRGYQVSKTAAYNLLSPYSHNGILKGPRFVEEQPK*

GNMZQ23 <SEQ ID 3168>
MKPLILGLAAVLALSACQVQKAPDFDYTSFKESKPASILVVPPLNESPDVNGTWGVLAST
AAPLSEAGYYVFPAAVVEETFKONGLTNAADIHAVRPEKLHQIFGNDAVLYITVTEYGTS
YQILDSVTTVSAKARLVDSRNGKELWSGSASIREGSNNSNSGLLGALVSAVVNQIANSLT
DRGYQVSKTAAYNLLSPYSHNGILKGPRFVEEQPK*
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GNMZQ24 <SEQ ID 3169>
MKPLILGLAAVLALSACQVQKAPDFDY TSFKESKPASILVVPPLNES PDVNGTWGVLAST
AAPLSEAGYYVFPAAVVEETFKQNGLTNAADI HAVRPEKLHQI FGNDAVLY ITVTEYGTS
YQILDSVTTVSAKARLVDSRNGKELWSGSASIREGSNNSNSGLLGALVSAVVNQIANSLT
DRGYQVSKTAAYNLLSPYSHNGILKGPREFVEEQPK*

GNMZQ25 <SEQ ID 3170>
MKPLILGLAAVLALSACQVQKAPDFDYTSFKESKPASILVVPPLNESPDVNGTWGVLAST
AAPLSEAGYYVFPAAVVEETFKONGLTNAADIHAVRPEKLHQIFGNDAVLYITVTEYGTS
YQILDSVTTVSAKARLVDSRNGKELWSGSASIREGSNNSNSGLLGALVSAVVNQIANSLT
DRGYQVSKTAAYNLLSPYSHNGILKGPRFVEEQPK*

GNMZQ26 <SEQ ID 3171>
MKPLILGLAAVLALSACQVQKAPDFDYTSFKESKPASILVVPPLNESPDVNGTWGMLAST
AAPLSEAGYYVFPAAVVEETFKONGLTNAADIHAVRPEKLHQIFGNDAVLYITVTEYGTS
YQILDSVTTVSAKARLVDSRNGKELWSGSASIREGSNNSNSGLLGALVGAVVNQIANSLT
DRGYQVSKTAAYNLLSPYSHNGILKGPRFVEEQPK*

GNMZQ27 <SEQ ID 3172>
MKPLILGLAAVLALSACQVQKAPDFDYTSFKESKPASILVVPPLNESPDVNGTWGVLAST
AAPLSEAGYYVFPAAVVEETFKONGLTNAADIHAVRPEKLHQIFGNDAVLYITVTEYGTS
YQILDSVTTVSAKARLVDSRNGKELWSGSASIREGSNNSNSGLLGALVSAVVNQIANSLT
DRGYQVSKTAAYNLLSPYSHNGILKGPRFVEEQPK*

GNMZQ28 <SEQ ID 3173>
MKPLILGLAAVLALSACQVQKAPDFDYTSFKESKPASILVVPPLNESPDVNGTWGVLAST
AAPLSEAGYYVFPAAVVEETFKONGLTNAADIHAVRPEKLHQIFGNDAVLYITVTEYGTS
YQILDSVTTVSAKARLVDSRNGKELWSGSASIREGSNNSNSGLLGALVSAVVNQIANSLT
DRGYQVSKTAAYNLLSPYSHNGILKGPRFVEEQPK*

GNMZQ29 <SEQ ID 3174>
MKPLILGLAAVLALSACQVQKAPDFDYTSFKESKPASILVVPPLNESPDVNGTWGVLAST
AAPLSEAGYYVFPAAVVEETFKONGLTNAADIHAVRPEKLHQIFGNDAVLYITVTEYGTS
YQILDSVTTVSAKARLVDSRNGKELWSGSASIREGSNNSNSGLLGALVSAVVNQIANSLT
DRGYQVSKTAAYNLLSPYSHNGILKGPRFVEEQPK*

GNMZQ31 <SEQ ID 3175>
MKPLILGLAAVLALSACQVQKAPDFDYTAFKESKPASILVVPPLNESPDVNGTWGMLAST
AEPLSEAGYYVFPAAVVEETFKONGLTNAADIHAVRPEKLHQIFGNDAVLYITITEYGTS
YQILDSVTTVSARARLVDSRNGKVLWSGSASIREGSNNSNSGLLGALVGAVVNQIANSLT
DRGYQVSKAAAYDLLSPYSHNGILKGPRFVEEQPK*

GNMZQ32 <SEQ ID 3176>
MKPLILGLAAVLALSACQVRKAPDLDYTSFKESKPASILVVPPLNESPDVNGTWGMLAST
AAPISEAGYYVFPAAVVEETFKENGLTNAADIHAVRPEKLHQIFGNDAVLYITVTEYGTS
YQILDSVTTVSAKARLVDSRNGKELWSGSASIREGSNNSNSGLLGALVGAVVNQIANSLT
DRGYQVSKTAAYNLLSPYSRNGILKGPRFVEEQPK*

GNMZQ33 <SEQ ID 3177>
MKPLILGLAAVLALSACQVRKAPDLDYTSFKESKPASILVVPPLNESPDVNGTWGMLAST
AAPISEAGYYVFPAAVVEETFKENGLTNAADIHAVRPEKLHQIFGNDAVLYITVTEYGTS
YQILDSVTTVSAKARLVDSRNGKELWSGSASIREGSNNSNSGLLGALVGAVVNQIANSLT
DRGYQVSKTAAYNLLSPYSRNGILKGPRFVEEQPK*

72491 <SEQ ID 3178>
MKPLILGLAAVLALSACQVQKAPDFDYTSFKESKPASILVVPPLNESPDVNGTWGVLAST
AAPLSEAGYYVFPAAVVEETFKONGLTNAADIHAVRPEKLHQIFGNDAVLYITVTEYGTS
YQILDSVTTVSAKARLVDSRNGKELWSGSASIREGSNNSNSGLLGALVSAVVNQIANSLT
DRGYQVSKTAAYNLLSPYSHNGILKGPRFVEEQPK*

50
FIG. 20 shows the results of aligning the sequences of each
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TABLE 4

of'these strains. Dark shading indicates regions of homology,

287 gene variability: List of used Neisseria strains

and gray shading indicates the conservation of amino acids
with similar characteristics. As is readily discernible, there is

significant conservation among the various strains of ORF »

Identification
number

Strains

Reference

235, further confirming its utility as an antigen for both vac-

Group B

cines and diagnostics.

Example 13 60

BZ198
NGP165
NGH38
MC58

Group A

Seiler et al., 1996
Seiler et al., 1996
Seiler et al., 1996
Virji et al., 1992

Table 4 lists several Neisseria strains which were used to
assess the conservation of the sequence of ORF 287 among

72491

72491
Gonococcus

Maiden et al., 1998

different strains. 65

fa1090

FA1090

Dempsey et al. 1991
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Identification
number Strains Reference 5

References:

Seiler A. et al.,, Mol. Microbiol., 1996, 19(4): 841-856.

Maiden R. et al., Proc. Natl. Acad. Sci. USA, 1998, 95: 3140-3145.
Virji M. et al., Mol. Microbiol., 1992, 6: 1271-1279

Dempsey I. F. et al,, J. Bacteriol., 1991, 173: 5476-5486

The amino acid sequences for each listed strain are as
follows:

287_14 <SEQ ID 3179>
MFKRSVIAMACIFALSACGGGGGGSPDVKSADTLSKPAAPVVSEKETEAKEDAPQAGSQG
QGAPSAQGGQDMAAVSEENTGNGGAAATDKPKNEDEGAQNDMPONAADTDSLTPNHTPAS
NMPAGNMENQAPDAGES EQPANQPDMANTADGMQGDDP SAGGENAGN TAAQGTNQAENNQ
TAGSQNPASSTNPSATNSGGDFGRTNVGNSVVIDGPSQNITLTHCKGDSCSGNNFLDEEV
QLKSEFEKLSDADKISNYKKDGKNDGKNDKFVGLVADSVQMKGINQYIIFYKPKPTSFAR
FRRSARSRRSLPAEMPLIPVNQADTLIVDGEAVSLTGHSGNIFAPEGNYRYLTYGAEKLP
GGSYALRVQGEPSKGEMLAGTAVYNGEVLHFHTENGRPSPSRGRFAAKVDFGSKSVDGII
DSGDGLHMGTQKFKAAIDGNGFKGTWT ENGGGDV SGKFYGPAGEEVAGKYSYRPTDAEKG
GFGVFAGKKEQD*

287_2 <SEQ ID 3180>
MFKRSVIAMACIFALSACGGGGGGSPDVKSADTLSKPAAPVVSEKETEAKEDAPQAGSQG
QGAPSAQGGQDMAAVSEENTGNGGAAATDKPKNEDEGAQNDMPONAADTDSLTPNHTPAS
NMPAGNMENQAPDAGES EQPANQPDMANTADGMQGDDP SAGGENAGN TAAQGTNQAENNQ
TAGSQNPASSTNPSATNSGGDFGRTNVGNSVVIDGPSQNITLTHCKGDSCSGNNFLDEEV
QLKSEFEKLSDADKISNYKKDGKNDGKNDKFVGLVADSVQMKGINQYIIFYKPKPTSFAR
FRRSARSRRSLPAEMPLIPVNQADTLIVDGEAVSLTGHSGNIFAPEGNYRYLTYGAEKLP
GGSYALRVQGEPSKGEMLAGTAVYNGEVLHFHTENGRPSPSRGRFAAKVDFGSKSVDGII
DSGDGLHMGTQKFKAAIDGNGFKGTWT ENGGGDV SGKFYGPAGEEVAGKYSYRPTDAEKG
GFGVFAGKKEQD*

287_21. <SEQ ID 3181>
MFKRSVIAMACIFALSACGGGGGGSPDVKSADTLSKPAAPVVSEKETEAKEDAPQAGSQG
QGAPSAQGSQDMAAVSEENTGNGGAVTADNPKNEDEVAQNDMPONAAGTDS STPNHTPDP
NMLAGNMENQATDAGES SQPANQPDMANAADGMQGDDP SAGGONAGN TAAQGANQAGNNQ
AAGSSDPIPASNPAPANGGSNFGRVDLANGVLIDGPSQNI TLTHCKGDSCSGNNFLDEEV
QLKSEFEKLSDADKISNYKKDGKNDKFVGLVADSVOMKGINQYIIFYKPKPTSFARFRRS
ARSRRSLPAEMPLIPVNQADTLIVDGEAVSLTGHSGNIFAPEGNYRYLTYGAEKLPGGSY
ALRVQGEPAKGEMLAGAAVYNGEVLHFHTENGRPYPTRGRFAAKVDFGSKSVDGIIDSGD
DLHMGTQKFKAAIDGNGFKGTWTENGSGDVSGKFYGPAGEEVAGKYSYRPTDAEKGGFGV
FAGKKEQD*

287_9 <SEQ ID 3182>»
MFKRSVIAMACIVALSACGGGGGGSPDVKSADTLSKPAAPVVTEDVGEEVLPKEKKDEEA
VSGAPQADTQDATAGKGGQDMAAVSAENTGNGGAAT TDNPENKDEGPONDMPONAADTDS
STPNHTPAPNMP TRDMGNQAPDAGESAQPANQPDMANAADGMQGDDP SAGENAGNTADQA
ANQAENNQVGGSQNPAS STNPNATNGGSDFGRINVANGIKLDSGSENVTLTHCKDKVCDR
DFLDEEAPPKSEFEKLSDEEKINKYKKDEQRENFVGLVADRVEKNGTNKYVIIYKDKSAS
SSSARFRRSARSRRSLPAEMPLIPVNQADTLIVDGEAVSLTGHSGNIFAPEGNYRYLTYG
AEKLSGGSYALSVQGEPAKGEMLAGTAVYNGEVLHFHMENGRPSPSGGRFAAKVDFGSKS
VDGIIDSGDDLHMGTQKFKAVIDGNGFKGTWTENGGGDVSGRFYGPAGEEVAGKYSYRPT
DAEKGGFGVFAGKKEQD*

FA1090 <SEQ ID 3183>
MFKRSVIAMACIFPLSACGGGGGGSPDVKSADTPSKPAAPVVAENAGEGVLPKEKKDEEA
AGGAPQADTQDATAGEGSQDMAAVSAENTGNGGAAT TDNPKNEDAGAQNDMPONAAESAN
QTGNNQPAGS SDSAPASNPAPANGGSDFGRTNVGNSVVIDGPSQNITLTHCKGDSCNGDN
LLDEEAPSKSEFEKLSDEEKIKRYKKDEQRENFVGLVADRVKKDGTNKYIIFYTDKPPTR
SARSRRSLPAEIPLIPVNQADTLIVDGEAVSLTGHSGNIFAPEGNYRYLTYGAEKLPGGS
YALRVQGEPAKGEMLVGTAVYNGEVLHFHMENGRPYPSGGRFAAKVDFGSKSVDGIIDSG
DDLHMGTQKFKAAIDGNGFKGTWTENGGGDVSGRFYGPAGEEVAGKYSYRPTDAEKGGFG
VFAGKKDRD*

72491 <SEQ ID 3184>
MFKRSVIAMACIFALSACGGGGGGSPDVKSADTLSKPAAPVVSEKETEAKEDAPQAGSQG
QGAPSAQGSQDMAAVSEENTGNGGAVTADNPKNEDEVAQNDMPONAAGTDS STPNHTPDP
NMLAGNMENQATDAGES SQPANQPDMANAADGMQGDDP SAGGONAGN TAAQGANQAGNNQ
AAGSSDPIPASNPAPANGGSNFGRVDLANGVLIDGPSQNI TLTHCKGDSCSGNNFLDEEV
QLKSEFEKLSDADKISNYKKDGKNDKFVGLVADSVOMKGINQYIIFYKPKPTSFARFRRS
ARSRRSLPAEMPLIPVNQADTLIVDGEAVSLTGHSGNIFAPEGNYRYLTYGAEKLPGGSY
ALRVQGEPAKGEMLAGAAVYNGEVLHFHTENGRPYPTRGRFAAKVDFGSKSVDGIIDSGD
DLHMGTQKFKAAIDGNGFKGTWTENGSGDVSGKFYGPAGEEVAGKYSYRPTDAEKGGFGV
FAGKKEQD*
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FIG.21 shows the result.s of aligning the sequences ofeach TABLE 5-continued
of'these strains. Dark shading indicates regions of homology,
and gray shading indicates the conservation of amino acids 5109 gene variability: List of used Neisseria strains
with similar characteristics. As is readily discernible, there is Ldentification
significant conservation among the various strains of ORF 5, 1ker Strains Source/reference
225, further confirming its utility as an antigen for both vac-
cines and diagnostics zvl12_519 NGF26 R. Moxon/Seiler et al., 1996
: zv18_519 BZ232 R. Moxon/Seiler et al., 1996
zvl19_ 519 BZ33 R. Moxon/Seiler et al., 1996
Example 14 v20_510ass  44/76 R. Moxon/Seiler et al., 1996
10 zv21_519ass MC58 R. Moxon
Table 5 lists several Neisseria strains which were used to zv96_519 2996 G AO“I collection
assess the conservation of the sequence of ORF 519 among omp
different strains. w22_519ass 205900 R. Moxon
72491_519 72491 R. Moxon/Maiden et al., 1998
TABLE 5 15 Others
519 gene variability: List of used Neisseria strains zv26_519 A22 (group W) R. Moxon/Ma?den etal., 1998
zv27_519 E26 (group X) R. Moxon/Maiden et al., 1998
Identification zv28_519 860800 (group Y) R. Moxon/Maiden et al., 1998
number Strains Source/reference zv29_ 519ass E32 (group Z) R. Moxon/Maiden et al., 1998
20 Gonococcus
Group B
zv32_519 Ng F62 R. Moxon/Maiden et al., 1998
zv0l_519 NG6/88 R. Moxon/Seiler et al., 1996 21090519 FA1090 R. Moxon
zv02_519 BZ198 R. Moxon/Seiler et al., 1996
zv03__519ass NG3/88 R. Moxon/Se%ler et al., 1996 References:
nggf;g fgg;)o i ﬁoxonj :e}}er et a}-’ }ggg 55 Seiler A. ctal, Mol. Microbiol., 1996, 19(4): 841-856.
ZvU>_ . oxon/»eller et al., . . . ~
2v06._519ass BZ147 R. Moxon/Seiler et al.. 1996 Maiden et al., Proc. Natl. Acad. Sci. USA, 1998, 95: 3140-3145.
zv07_519 BZ169 R. Moxon/Seiler et al., 1996 . . . .
zvll_519 NGE31 R. Moxon/Seiler et al., 1996 The amino acid sequences for each listed strain are as
follows:

FA1090_519 <SEQ ID 3185>»
MEFFIILLAAVAVFGFKSFVVIPQQEVHVVERLGRFHRALTAGLNILIPFIDRVAYRHSL
KEIPLDVPSQVCITRDNTQLTVDGIIYFQVTDPKLASYGSSNYIMAITQLAQTTLRSVIG
RMELDKTFEERDEINSTVVSALDEAAGAWGVKVLRYEIKDLVPPQEILRAMQAQI TAERE
KRARIAESEGRKIEQINLASGQREAEIQQSEGEAQAAVNASNAEKIARINRAKGEAESLR
LVAEANAEATRQIAAALQTQGGADAVNLKIAEQYVAAFNNLAKESNTLIMPANVADIGSL
ISAGMKIIDSSKTAK*

Z2491 519 <SEQ ID 3186>
MEFFIILLAAVVVFGFKSFVVIPQQEVHVVERLGRFHRALTAGLNILIPFIDRVAYRHSL
KEIPLDVPSQVCITRDNTQLTVDGIIYFQVTDPKLASYGSSNYIMAITQLAQTTLRSVIG
RMELDKTFEERDEINSTVVSALDEAAGAWGVKVLRYEIKDLVPPQEILRSMQAQI TAERE
KRARIAESEGRKIEQINLASGQREAEIQQSEGEAQAAVNASNAEKIARINRAKGEAESLR
LVAEANAEATRQIAAALQTQGGADAVNLKIAEQYVAAFNNLAKESNTLIMPANVADIGSL
ISAGMKIIDSSKTAK*

ZV0l 519 <SEQ ID 3187>
MEFFIILLVAVAVFGFKSFVVIPQQEVHVVERLGRFHRALTAGLNILIPFIDRVAYRHSL
KEIPLDVPSQVCITRDNTQLTVDGIIYFQVTDPKLASYGSSNYIMAITQLAQTTLRSVIG
RMELDKTFEERDEINSTVVAALDEAAGAWGVKVLRYEIKDLVPPQEILRSMQAQI TAERE
KRARIAESEGRKIEQINLASGQREAEIQQSEGEAQAAVNASNAEKIARINRAKGEAESLR
LVAEANAEATRQIAAALQTQGGADAVNLKIAEQYVAAFNNLAKESNTLIMPANVADIGSL
ISAGMKIIDSSKTAK*

ZV02_519 <SEQ ID 3188
MEFFIILLVAVAVFGFKSFVVIPQQEVHVVERLGRFHRALTAGLNILIPFIDRVAYRHSL
KEIPLDVPSQVCITRDNTQLTVDGIIYFQVTDPKLASYGSSNYIMAITQLAQTTLRSVIG
RMELDKTFEERDEINSTVVSALDEAAGAWGVKVLRYEIKDLVPPQEILRSMQAQI TAERE
KRARIAESEGRKIEQINLASGQREAEIQQSEGEAQAAVNASNAEKIARINRAKGEAESLR
LVAEANAEATRQIAAALQTQGGADAVNLKIAEQYVAAFNNLAKESNTLIMPANVADIGSL
ISAGMKIIDSSKTAK*

ZV03_519 <SEQ ID 3189
MEFFIILLVAVAVFGFKSFVVIPQQEVHVVERLGRFHRALTAGLNILIPFIDRVAYRHSL
KEIPLDVPSQVCITRDNTQLTVDGIIYFQVTDPKLASYGSSNYIMAITQLAQTTLRSVIG
RMELDKTFEERDEINSTVVSALDEAAGAWGVKVLRYEIKDLVPPQEILRSMQAQI TAERE
KRARIAESEGRKIEQINLASGQREAEIQQSEGEAQAAVNASNAEKIARINRAKGEAESLR
LVAEANAEATRQIAAALQTQGGADAVNLKIAEQYVAAFNNLAKESNTLIMPANVADIGSL
ISAGMKIIDSSKTAK*

ZV04_519 <SEQ ID 3190
MEFFIILLVAVAVFGFKSFVVIPQQEVHVVERLGRFHRALTAGLNILIPFIDRVAYRHSL
KEIPLDVPSQVCITRDNTQLTVDGIIYFQVTDPKLASYGSSNYIMAITQLAQTTLRSVIG
RMELDKTFEERDEINSTVVSALDEAAGAWGVKVLRYEIKDLVPPQEILRSMQAQI TAERE
KRARIAESEGRKIEQINLASGQREAEIQQSEGEAQAAVNASNAEKIARINRAKGEAESLR
LVAEANAEATRQIAAALQTQGGADAVNLKIAEQYVAAFNNLAKESNTLIMPANVADIGSL
ISAGMKIIDSSKTAK*
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ZVO05_519 <SEQ ID 3191
MEFFIILLVAVAVFGFKSFVVIPQQEVHVVERLGRFHRALTAGLNILIPFIDRVAYRHSL
KEIPLDVPSQVCITRDNTQLTVDGIIYFQVTDPKLASYGSSNYIMAITQLAQTTLRSVIG
RMELDKTFEERDEINSTVVSALDEAAGAWGVKVLRYEIKDLVPPQEILRSMQAQITAERE
KRARIAESEGRKIEQINLASGQREAEIQQSEGEAQAAVNASNAEKIARINRAKGEAESLR
LVAEANAEATRQIAAALQTQGGADAVNLKIAEQYVAAFNNLAKESNTLIMPANVADIGSL
ISAGMKIIDSSKTAK*

ZV06_519ASS <SEQ ID 3192
MEFFIILLVAVAVFGFKSFVVIPQQEVHVVERLGRFHRALTAGLNILIPFIDRVAYRHSL
KEIPLDVPSQVCITRDNTQLTVDGIIYFQVTDPKLASYGSSNYIMAITQLAQTTLRSVIG
RMELDKTFEERDEINSTVFSALDEAAGAWGVKVLRYEIKDLVPPQEILRSMQAQITAERK
KRARIAESEGRKIEQINLASGQREAEIQQSEGEAQAAVNASNAEKIARINRAKGEAESLR
LVAEANAEATRQIAAALQTQGGADAVNLKIAEQYVAAFNNLAKESNTLIMPANVADIGSL
ISAGMKIIDSSKTAK*

ZV07_519 <SEQ ID 3193
MEFFIILLVAVAVFGFKSFVVIPQQEVHVVERLGRFHRALTAGLNILIPFIDRVAYRHSL
KEIPLDVPSQVCITRDNTQLTVDGIIYFQVTDPKLASYGSSNYIMAITQLAQTTLRSVIG
RMELDKTFEERDEINSTVVAALDEAAGAWGVKVLRYEIKDLVPPQEILRSMQAQITAERE
KRARIAESEGRKIEQINLASGQREAEIQQSEGEAQAAVNASNAEKIARINRAKGEAESLR
LVAEANAEATRQIAAALQTQGGADAVNLKIAEQYVAAFNNLAKESNTLIMPANVADIGSL
ISAGMKIIDSSKTAK*

ZV1l 519 <SEQ ID 3194>
MEFFIILLAAVAVFGFKSFVVIPQQEVHVVERLGRFHRALTAGLNILIPFIDRVAYRHSL
KEIPLDVPSQVCITRDNTQLTVDGIIYFQVTDPKLASYGSSNYIMAITQLAQTTLRSVIG
RMELDKTFEERDEINSTVVAALDEAAGAWGVKVLRYEIKDLVPPQEILRSMQAQITAERE
KRARIAESEGRKIEQINLASGQREAEIQQSEGEAQAAVNASNAEKIARINRAKGEAESLR
LVAEANAEATRQIAAALQTQGGADAVNLKIAEQYVAAFNNLAKESNTLIMPANVADIGSL
ISAGMKIIDSSKTAK*

ZV12 519 <SEQ ID 3195
MEFFIILLVAVAVFGFKSFVVIPQQEVHVVERLGRFHRALTAGLNILIPFIDRVAYRHSL
KEIPLDVPSQVCITRDNTQLTVDGIIYFQVTDPKLASYGSSNYIMAITQLAQTTLRSVIG
RMELDKTFEERDEINSTVVAALDEAAGAWGVKVLRYEIKDLVPPQEILRSMQAQITAERE
KRARIAESEGRKIEQINLASGQREAEIQQSEGEAQAAVNASNAEKIARINRAKGEAESLR
LVAEANAEATRQIAAALQTQGGADAVNLKIAEQYVAAFNNLAKESNTLIMPANVADIGSL
ISAGMKIIDSSKTAK*

ZV18_519 <SEQ ID 3196
MEFFIILLVAVAVFGFKSFVVIPQQEVHVVERLGRFHRALTAGLNILIPFIDRVAYRHSL
KEIPLDVPSQVCITRDNTQLTVDGIIYFQVTDPKLASYGSSNYIMAITQLAQTTLRSVIG
RMELDKTFEERDEINSTVVAALDEAAGAWGVKVLRYEIKDLVPPQEILRSMQAQITAERE
KRARIAESEGRKIEQINLASGQREAEIQQSEGEAQAAVNASNAEKIARINRAKGEAESLR
LVAEANAEATRQIAAALQTQGGADAVNLKIAEQYVAAFNNLAKESNTLIMPANVADIGSL
ISAGMKIIDSSKTAK*

ZV19_ 519 <SEQ ID 3197>
MEFFIILLVAVAVFGFKSFVVIPQQEVHVVERLGRFHRALTAGLNILIPFIDRVAYRHSL
KEIPLDVPSQVCITRDNTQLTVDGIIYFQVTDPKLASYGSSNYIMAITQLAQTTLRSVIG
RMELDKTFEERDEINSTVVAALDEAAGAWGVKVLRYEIKDLVPPQEILRSMQAQITAERE
KRARIAESEGRKIEQINLASGQREAEIQQSEGEAQAAVNASNAEKIARINRAKGEAESLR
LVAEANAEATRQIAAALQTQGGADAVNLKIAEQYVAAFNNLAKESNTLIMPANVADIGSL
ISAGMKIIDSSKTAK*

ZV20_519ASS <SEQ ID 3198
MEFFIILLVAVAVFGFKSFVVIPQQEVHVVERLGRFHRALTAGLNILIPFIDRVAYRHSL
KEIPLDVPSQVCITRDNTQLTVDGIIYFQVTDPKLASYGSSNYIMAITQLAQTTLRSVIG
RMELDKTFEERDEINSTVVAALDEAAGAWGVKVLRYEIKDLVPPQEILRSMQAQITAERE
KRARIAESEGRKIEQINLASGQREAEIQQSEGEAQAAVNASNAEKIARINRAKGEAESLR
LVAEANAEATRQIAAALQTQGGADAVNLKIAEQYVAAFNNLAKESNTLIMPANVADIGSM
ISAGMKIIDSSKTAK*

ZV21 519ASS <SEQ ID 3199
MEFFIILLVAVAVFGFKSFVVIPQQEVHVVERLGRFHRALTAGLNILIPFIDRVAYRHSL
KEIPLDVPSQVCITRDNTQLTVDGIIYFQVTDPKLASYGSSNYIMAITQLAQTTLRSVIG
RMELDKTFEERDEINSTVVAALDEAAGAWGVKVLRYEIKDLVPPQEILRSMQAQITAERE
KRARIAESEGRKIEQINLASGQREAEIQQSEGEAQAAVNASNAEKIARINRAKGEAESLR
LVAEANAEATRQIAAALQTQGGADAVNLKIAEQYVAAFNNLAKESNTLIMPANVADIGSL
ISAGMKIIDSSKTAK*

ZV22 519ASS <SEQ ID 3200>
MEFFIILLAAVVVFGFKSFVVIPQQEVHVVERLGRFHRALTAGLNILIPFIDRVAYRHSL
KEIPLDVPSQVCITRDNTQLTVDGIIYFQVTDPKLASYGSSNYIMAITQLAQTTLRSVIG
RMELDKTFEERDEINSTVVSALDEAAGAWGVKVLRYEIKDLVPPQEILRSMQAQITAERE
KRARIAESEGRKIEQINLASGQREAKIQQOSEGEAQAAVNASNAEKIARINRAKGEAESLR
LVAEANAEATRQIAAALQTQGGADAVNLKIAEQYVAAFNNLAKESNTLIMPANVADIGSL
ISAGMKIIDSSKTAK*
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ZV26 519 <SEQ ID 3201>
MEFFIILLAAVVVFGFKSFVVIPQQEVHVVERLGRFHRALTAGLNILIPFIDRVAYRHSL
KEIPLDVPSQVCITRDNTQLTVDGI IYFQVTDPKLASYGSSNY IMAI TQLAQTTLRSVIG
RMELDKTFEERDEINS TVVAALDEAAGAWGVKVLRYEIKDLVPPQEI LRSMOAQI TAERE
KRARIAESEGRKIEQINLASGOREAEIQQSEGEAQAAVNASNAEKIARINRAKGEAESLR
LVAEANAEATRQIAAALQTQGGADAVNLKI AEQYVAAFNNLAKESNTLIMPANVADIGSL
ISAGMKIIDSSKTAK*

ZV27_519 <SEQ ID 3202>
MEFFIILLVAVAVFGFKSFVVIPQQEVHVVERLGRFHRALTAGLNILIPFIDRVAYRHSL
KEIPLDVPSQVCITRDNTQLTVDGIIYFQVTDPKLASYGSSNYIMAITQLAQTTLRSVIG
RMELDKTFEERDEINSTVVAALDEAAGAWGVKVLRYEIKDLVPPQEILRSMQAQITAERE
KRARIAESEGRKIEQINLASGQREAEIQQSEGEAQAAVNASNAEKIARINRAKGEAESLR
LVAEANAEATRQIAAALQTQGGADAVNLKIAEQYVAAFNNLAKESNTLIMPANVADIGSL
ISAGMKIIDSSKTAK*

ZV28_519 <SEQ ID 3203>»
MEFFIILLAAVAVFGFKSFVVIPQQEVHVVERLGRFHRALTAGLNILIPFIDRVAYRHSL
KEIPLDVPSQVCITRDNTQLTVDGIIYFQVTDPKLASYGSSNYIMAITQLAQTTLRSVIG
RMELDKTFEERDEINSTVVAALDEAAGAWGVKVLRYEIKDLVPPQEILRSMQAQITAERE
KRARIAESEGRKIEQINLASGQREAEIQQSEGEAQAAVNASNAEKIARINRAKGEAESLR
LVAEANAEATRQIAAALQTQGGADAVNLKIAEQYVAAFNNLAKESNTLIMPANVADIGSL
ISAGMKIIDSSKTAK*

ZV29_519ASS <SEQ ID 3204>
MEFFIILLAAVAVFGFKSFVVIPQQEVHVVERLGRFHRALTAGLNILIPFIDRVAYRHSL
KEIPLDVPSQVCITRDNTQLTVDGIIYFQVTDPKLASYGSSNYIMAITQLAQTTLRSVIG
RMELDKTFEERDEINSIVVSALDEAAGAWGVKVLRYEIKDLVPPQEILRSMQAQITAERE
KRARIAESEGRKIEQINLASGQREPEIQQSEGEAQAAVNASNAEKIARINRAKGEAESLR
LVAEANAEATRQIAAALQTQGGADAVNLKIAEQYVAAFNNLAKESNTLIMPANVADIGSL
ISAGMKIIDSNKTAK*

ZV32_519 <SEQ ID 3205>
MEFFIILLAAVAVFGFKSFVVIPQQEVHVVERLGRFHRALTAGLNILIPFIDRVAYRHSL
KEIPLDVPSQVCITRDNTQLTVDGIIYFQVTDPKLASYGSSNYIMAITQLAQTTLRSVIG
RMELDKTFEERDEINSTVVSALDEAAGAWGVKVLRYEIKDLVPPQEILRAMOQAQITAERE
KRARIAESEGRKIEQINLASGQREAEIQQSEGEAQAAVNASNAEKIARINRAKGEAESLR
LVAEANAEATRQIAAALQTQGGADAVNLKIAEQYVAAFNNLAKESNTLIMPANVADIGSL
ISAGMKIIDSSKTAK*

ZV96_519 <SEQ ID 3206>
MEFFIILLAAVAVFGFKSFVVIPQQEVHVVERLGRFHRALTAGLNILIPFIDRVAYRHSL
KEIPLDVPSQVCITRDNTQLTVDGIIYFQVTDPKLASYGSSNYIMAITQLAQTTLRSVIG
RMELDKTFEERDEINSTVVAALDEAAGAWGVKVLRYEIKDLVPPQEILRSMQAQITAERE
KRARIAESEGRKIEQINLASGQREAEIQQSEGEAQAAVNASNAEKIARINRAKGEAESLR
LVAEANAEATRQIAAALQTQGGADAVNLKIAEQYVAAFNNLAKESNTLIMPANVADIGSL
ISAGMKIIDSSKTAK*
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FIG. 22 sl}ows the result.s of aligning the sequences ofeach TABLE 6-continued
of'these strains. Dark shading indicates regions of homology,
and gray shading indicates the conservation of amino acids 919 gene variability: List of used Neisseria strains
with similar characteristics. As is readily discernible, there is Ldentification
significant conserva?ion. among the Varioqs strains of ORF 45 number Strains Source/reference
225, further confirming its utility as an antigen for both vac-
cines and diagnostics. zm07 BZ169 R. Moxon/Seiler et al., 1996
zmO8n 528 R. Moxon/Seiler et al., 1996
Example 15 zm09 NGP165 R. Moxon/Seiler et al., 1996
p zml10 BZ133 R. Moxon/Seiler et al., 1996
50 zmllasbc NGE31 R. Moxon/Seiler et al., 1996
Table 6 lists several Neisseria strains which were used to zm12 NGF26 R. Moxon/Seiler et al., 1996
assess the conservation of the sequence of ORF 919 among Zm}i Eggé E- ﬁoxonj :e}}er et a}-, }ggg
: : zm . Moxon/Seiler et al.,
different strains. zml5 SWZ107 R. Moxon/Seiler et al., 1996
zml6 NGH15 R. Moxon/Seiler et al., 1996
TABLE 6 55 zm17 NGH36 R. Moxon/Seiler et al., 1996
zml18 BZ232 R. Moxon/Seiler et al., 1996
919 gene variability: List of used Neisseria strains 7zm19 BZ83 R. Moxon/Seiler et al., 1996
) ) zm?20 44/76 R. Moxon/Seiler et al., 1996
Identification . zm21 MC58 R. Moxon
number Strains Source/reference Zzm96 2996 Our collection
Group B 60 Group A
2m01 NG6/88 R. Moxon/Seiler et al., 1996 zm22 205900 R. Moxon
zm02 BZ19% R. Moxon/Seiler et al., 1996 zm23asbe F6124 R. Moxon
Zzm03 NG3/88 R. Moxon/Seiler et al., 1996 72491 72491 R. Moxon/Maiden et al., 1998
zm04 297-0 R. Moxon/Seiler et al., 1996 Group C
zm05 1000 R. Moxon/Seiler et al., 1996 65
zm06 BZ147 R. Moxon/Seiler et al., 1996 zm?24 90/18311 R. Moxon
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TABLE 6-continued

919 gene variability: List of used Neisseria strains

919 gene variability: List of used Neisseria strains

Identification

Identification

number Strains Source/reference 5 number Strains Source/reference
zm25 93/4286 R. Moxon zm32asbc Ng F62 R. Moxon/Maiden et al., 1998
Others zm33asbc Ng SN4 R. Moxon
fa1090 FA1090 R. Moxon
zm26 A22 (group W) R. Moxon/Maiden et al., 1998
zm27bc E26 (group X) R. Moxon/Maiden et al., 1998 10 References:
zm28 860800 (groupY)  R.Moxon/Maiden et al., 1998 Seiler A. et al., Mol. Microbiol., 1996, 19(4): 841-856.
zm29asbe E32 (group Z) R. Moxon/Maiden et al., 1998 Maiden et al., Proc. Natl. Acad. Sci. USA, 1998, 95: 3140-3145.
zm31lasbc N. lactamica R. Moxon

Gonococcus

The amino acid sequences for each listed strain are as
follows:

FA1090 <SEQ ID 3207>
MKKHLLRSALYGIAAATLAACQSRSIQTFPQPDTSVINGPDRPAGIPDPAGTTVAGGGAV
YTVVPHLSMPHWAAQDFAKSLQSFRLGCANLKNRQGWQDV CAQAFQTPVHSFQAKRFFER
YFTPWQVAGNGSLAGTVTGYYEPVLKGDGRRTERARFPIYGIPDDFISVPLPAGLRGGKN
LVRIRQTGKNSGTIDNAGGTHTADLSRFPITARTTAIKGRFEGSRFLPYHTRNQINGGAL
DGKAPILGYAEDPVELFFMHIQGSGRLKTPSGKYIRIGYADKNEHPYVSIGRYMADKGYL
KLGQTSMQGI KAYMRONPQRLAEVLGONPSYIFFRELAGSGNEGPVGALGTPLMGEYAGA
IDRHYITLGAPLFVATAHPVTRKALNRLIMAQDTGSAIKGAVRVDYFWGYGDEAGELAGK
QKTTGYVWQLLPNGMKPEYRP *

72491 <SEQ ID 3208>
MKKYLFRAALCGIAAATLAACQSKSIQTFPQPDTSVINGPDRPVGIPDPAGTTVGGGGAV
YTVVPHLSLPHWAAQDFAKSLQSFRLGCANLKNRQGWQDV CAQAFQTPVHSVQAKQFFER
YFTPWQVAGNGSLAGTVTGYYEPVLKGDDRRTAQARFPIYGIPDDFISVPLPAGLRSGKA
LVRIRQTGKNSGTIDNTGGTHTADLSQFPITARTTAIKGRFEGSRFLPYHTRNQINGGAL
DGKAPILGYAEDPVELFFMHIQGSGRLKTPSGKYIRIGYADKNEHPYVSIGRYMADKGYL
KLGQTSMQGI KAYMQONPQRLAEVLGONPSYIFFRELTGS SNDGPVGALGTPLMGEYAGA
VDRHYITLGAPLFVATAHPVTRKALNRLIMAQDTGSAIKGAVRVDYFWGYGDEAGELAGK
QKTTGYVWQLLPNGMKPEYRP *

ZMO1 <SEQ ID 3209>
MKKYLFRAALYGIAAATLAACQSKSIQTFPQPDTSVINGPDRPVGIPDPAGTTVGGGGAV
YTVVPHLSLPHWAAQDFAKSLQSFRLGCANLKNRQGWQDV CAQAFQTPVHSFQAKQFFER
YFTPWQVAGNGSLAGTVTGYYEPVLKGDDRRTAQARFPIYGIPDDFISVPLPAGLRSGKA
LVRIRQTGKNSGTIDNTGGTHTADLSRFPITARTTAIKGRFEGSRFLPYHTRNQINGGAL
DGKAPILGYAEDPVELFFMHIQGSGRLKTPSGKYIRIGYADKNEHPYVSIGRYMADKGYL
KLGQTSMQGIKSYMRONPQRLAEVLGONPSYIFFRELAGS SNDGPVGALGTPLMGEYAGA
VDRHYITLGAPLFVATAHPVTRKALNRLIMAQDTGSAIKGAVRVDYFWGYGDEAGELAGK
QKTTGYVWQLLPNGMKPEYRP *

ZM0O2 <SEQ ID 3210>
MKKYLFRAALYGIAAATLAACQSKSIQTFPQPDTSVINGPDRPVGIPDPAGTTVGGGGAV
YTVVPHLSLPHWAAQDFAKSLQSFRLGCANLKNRQGWQDV CAQAFQTPVHSFQAKQFFER
YFTPWQVAGNGSLAGTVTGYYEPVLKGDDRRTAQARFPIYGIPDDFISVPLPAGLRSGKA
LVRIRQTGKNSGTIDNTGGTHTADLSRFPITARTTAIKGRFEGSRFLPYHTRNQINGGAL
DGKAPILGYAEDPVELFFMHIQGSGRLKTPSGKYIRIGYADKNEHPYVSIGRYMADKGYL
KLGQTSMQGIKSYMRONPQRLAEVLGONPSYIFFRELAGS SNDGPVGALGTPLMGEYAGA
VDRHYITLGAPLFVATAHPVTRKALNRLIMAQDTGSAIKGAVRVDYFWGYGDEAGELAGK
QKTTGYVWQLLPNGMKPEYRP *

ZM0O3 <SEQ ID 3211>
MKKYLFRAALYGIAAATLAACQSKSIQTFPQPDTSVINGPDRPVGIPDPAGTTVGGGGAV
YTVVPHLSLPHWAAQDFAKSLQSFRLGCANLKNRQGWQDV CAQAFQTPVHSFQAKQFFER
YFTPWQVAGNGSLAGTVTGYYEPVLKGDDRRTAQARFPIYGIPDDFISVPLPAGLRSGKA
LVRIRQTGKNSGTIDNTGGTHTADLSRFPITARTTAIKGRFEGSRFLPYHTRNQINGGAL
DGKAPILGYAEDPVELFFMHIQGSGRLKTPSGKYIRIGYADKNEHPYVSIGRYMADKGYL
KLGQTSMQGIKSYMRONPQRLAEVLGONPSYIFFRELAGS SNDGPVGALGTPLMGEYAGA
VDRHYITLGAPLFVATAHPVTRKALNRLIMAQDTGSAIKGAVRVDYFWGYGDEAGELAGK
QKTTGYVWQLLPNGMKPEYRP *

ZM04 <SEQ ID 3212>
MKKYLFRAALCGIAAATILAACQSKSIQTFPQPDTSVINGPDRPVGIPAPAGTTVAGGGAV
YTVVPHLSLPHWAAQDFAKSLQSFRLGCANLKNRQGWQDV CAQAFQTPVHSFQAKQFFER
YFTPWQVAGNGSLAGTVTGYYEPVLKGDDRRTAQARFPIYGIPDDFISVPLPAGLRSGKA
LVRIRQTGKNSGTIDNAGGTHTADLSRFPITARTTAIKGRFEGSRFLPYHTRNQINGGAL
DGKAPILGYAEDPVELFFMHIQGSGRLKTPSGKYIRIGYADKNEHPYVSIGRYMADKGYL
KLGQTSMQGI KAYMQONPQRLAEVLGONPSYIFFRELTGS SNDGPVGALGTPLMGEYAGA
VDRHYITLGAPLFVATAHPVTRKALNRLIMAQDTGSAIKGAVRVDYFWGYGDEAGELAGK
QKTTGYVWQLLPNGMKPEYRP *
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ZM05 <SEQ ID 3213>
MKKYLFRAALYGIAAAT LAACQSKS IQTFPQPDTSVINGPDRPVGIPDPAGTTVGGGGAY
YTVVPHLS LPHWAAQDFAKSLQS FRLS CANLKNRQGWQDV CAQAFQT PVHS FQAKQFFER
YFTPWQVAGNGS LAGTVTGYYEPVLKGDDRRTAQARFPIYGIPDDFISVPLPAGLRSGKA
LVRIRQTGKNSGTIDNTGGTHTADLSRFPI TARTTAIKGRFEGSRFLPYHTRNQINGGAL
DGKAPILGYAEDPVELFFMHIQGSGRLKTPSGKY IRIGYADKNEHPYVS IGRYMADKGYL
KLGQTSMQGI KAYMRONPQRLAEVLGONPS YI FFRELAGS SNDGPVGALGTPLMGEYAGA
VDRHYI TLGAPLFVATAHPVTRKALNRLIMAQDTGSAIKGAVRVD YFWGYGDEAGELAGK
QKTTGYVWQLLPNGMKPEYRP *

ZM06 <SEQ ID 3214>
MKKYLFRAALYGIAAATLAACQSKSIQTFPQPDTSVINGPDRPVGIPDPAGTTVGGGGAV
YTVVPHLSLPHWAAQDFAKSLQSFRLGCANLKNRQGWQDV CAQAFQTPVHSFQAKQFFER
YFTPWQVAGNGSLAGTVTGYYEPVLKGDDRRTAQARFPIYGIPDDFISVPLPAGLRSGKA
LVRIRQTGKNSGTIDNTGGTHTADLSRFPITARTTAIKGRFEGSRFLPYHTRNQINGGAL
DGKAPILGYAEDPVELFFMHIQGSGRLKTPSGKYIRIGYADKNEHPYVSIGKYMADKGYL
KLGQTSMQGIKSYMRONPQRLAEVLGONPSYIFFRELAGS SNDGPVGALGTPLMGEYAGA
VDRHYITLGAPLFVATAHPVTRKALNRLIMAQDTGSAIKGAVRVDYFWGYGDEAGELAGK
QKTTGYVWQLLPNGMKPEYRP *

ZMO7 <SEQ ID 3215>
MKKYLFRAALYGIAAATLAACQSKSIQTFPQPDTSVINGPDRPVGIPDPAGTTVGGGGAV
YTVVPHLSLPHWAAQDFAKSLQSFRLGCANLKNRQGWQDV CAQAFQTPVHSFQAKQFFER
YFTPWQVAGNGSLAGTVTGYYEPVLKGDDRRTAQARFPIYGIPDDFISVPLPAGLRSGKA
LVRIRQTGKNSGTIDNTGGTHTADLSRFPITARTTAIKGRFEGSRFLPYHTRNQINGGAL
DGKAPILGYAEDPVELFFMHIQGSGRLKTPSGKYIRIGYADKNEHPYVSIGRYMADKGYL
KLGQTSMQGIKSYMRONPQRLAEVLGONPSYIFFRELAGS SNDGPVGALGTPLMGEYAGA
VDRHYITLGAPLFVATAHPVTRKALNRLIMAQDTGSAIKGAVRVDYFWGYGDEAGELAGK
QKTTGYVWQLLPNGMKPEYRP *

ZMO8N <SEQ ID 3216>
MKKYLFRAALYGIAAATLAACQSKSIQTFPQPDTSVINGPDRPVGIPDPAGTTVGGGGAV
YTVVPHLSLPHWAAQDFAKSLQSFRLGCANLKNRQGWQDV CAQAFQTPVHSFQAKQFFER
YFTPWQVAGNGSLAGTVTGYYEPVLKGDDRRTAQARFPIYGIPDDFISVPLPAGLRSGKA
LVRIRQTGKNSGTIDNTGGTHTADLSRFPITARTTAIKGRFEGSRFLPYHTRNQINGGAL
DGKAPILGYAEDPVELFFMHIQGSGRLKTPSGKYIRIGYADKNEHPYVSIGRYMADKGYL
KLGQTSMQGI KAYMRONPQRLAEVLGONPSYIFFRELAGS SNDGPVGALGTPLMGEYAGA
VDRHYITLGAPLFVATAHPVTRKALNRLIMAQDTGSAIKGAVRVDYFWGYGDEAGELAGK
QKTTGYVWQLLPNGMKPEYRP *

ZM0O9 <SEQ ID 3217>
MKKYLFRAALCGIAAATLAACQSKSIQTFPQPDTSVINGPDRPVGIPAPAGTTVAGGGAV
YTVVPHLSLPHWAAQDFAKSLQSFRLGCANLKNRQGWQDV CAQAFQTPVHSFQAKQFFER
YFTPWQVAGNGSLAGTVTGYYEPVLKGDDRRTAQARFPIYGIPDDFISVPLPAGLRSGKA
LVRIRQTGKNSGTIDNTGGTHTADLSQFPITARTTAIKGRFEGSRFLPYHTRNQINGGAL
DGKAPILGYAEDPVELFFMHIQGSGRLKTPSGKYIRIGYADKNEHPYVSIGKYMADKGYL
KLGQTSMQGIKSYMRONPQRLAEVLGONPSYIFFRELTGSGNDGPVGALGTPLMGEYAGA
VDRHYITLGAPLFVATAHPVTRKALNRLIMAQDTGSAIKGAVRVDYFWGYGDEAGELAGK
QKTTGYVWQLLPNGMKPEYRP *

ZM10 <SEQ ID 3218>
MKKYLFRAALCGIAAATLAACQSKSIQTFPQPDTSVINGPDRPVGIPAPAGTTVAGGGAV
YTVVPHLSLPHWAAQDFAKSLQSFRLGCANLKNRQGWQDV CAQAFQTPVHSFQAKQFFER
YFTPWQVAGNGSLAGTVTGYYEPVLKGDDRRTAQARFPIYGIPDDFISVPLPAGLRSGKA
LVRIRQTGKNSGTIDNTGGTHTADLSQFPITARTTAIKGRFEGSRFLPYHTRNQINGGAL
DGKAPILGYAEDPVELFFMHIQGSGRLKTPSGKYIRIGYADKNEHPYVSIGKYMADKGYL
KLGQTSMQGIKSYMRONPQRLAEVLGONPSYIFFRELTGSGNDGPVGALGTPLMGEYAGA
VDRHYITLGAPLFVATAHPVTRKALNRLIMAQDTGSAIKGAVRVDYFWGYGDEAGELAGK
QKTTGYVWQLLPNGMKPEYRP *

ZM11ASBC <SEQ ID 3219>

MKKYLFRAALCGIAAATLAACQSKSIQTFPQPDTSVINGPDRPVGIPAPAGTTVGGGGAV
YTVVPHLSLPHWAAQDFAKSLQSFRLGCANLKNRQGWQDV CAQAFQTPVHSVQAKQFFER
YFTPWQVAGNGSLAGTVTGYYEPVLKGDDRRTAQARFPIYGIPDDFISVPLPAGLRSGKA
LVRIRQTGKNSGTIDNAGGTHTADLSRFPITARTTAIKGRFEGSRFLPYHTRNQINGGAL
DGKAPILGYAEDPVELFFMHIQGSGRLKTPSGKYIRIGYADKNEHPYVSIGKYMADKGYL
KLGQTSMQGIKSYMRONPQRLAEVLGONPSYIFFRELTGS SNDGPVGALGTPLMGEYAGA
VDRHYITLGAPLFVATAHPVTRKALNRLIMAQDTGSAIKGAVRVDYFWGYGDEAGELAGK
QKTTGYVWQLLPNGMKPEYRP *

ZM12 <SEQ ID 3220>
MKKYLFRAALYGIAAATLAACQSKSIQTFPQPDTSVINGPDRPVGIPDPAGTTVGGGGAV
YTVVPHLSLPHWAAQDFAKSLQSFRLGCANLKNRQGWQDV CAQAFQTPVHSFQAKQFFER
YFTPWQVAGNGSLAGTVTGYYEPVLKGDDRRTAQARFPIYGIPDDFISVPLPAGLRSGKA
LVRIRQTGKNSGTIDNTGGTHTADLSRFPITARTTAIKGRFEGSRFLPYHTRNQINGGAL
DGKAPILGYAEDPVELFFMHIQGSGRLKTPSGKYIRIGYADKNEHPYVSIGRYMADKGYL
KLGQTSMQGIKSYMRONPQRLAEVLGONPSYIFFRELAGS SNDGPVGALGTPLMGEYAGA
VDRHYITLGAPLFVATAHPVTRKALNRLIMAQDTGSAIKGAVRVDYFWGYGDEAGELAGK
QKTTGYVWQLLPNGMKPEYRP *

ZM13 <SEQ ID 3221>
MKKYLFRAALYGIAAATLAACQSKSIQTFPQPDTSVINGPDRPVGIPDPAGTTVGGGGAV



US 9,266,929 B2
175 176

-continued

YTVVPHLS LPHWAEQDFAKSLQS FRLGCANLKNRQGWQDV CAQAFQT PVHS FQAKQFFER
YFTPWQVAGNGS LAGTVTGYYEPVLKGDDRRTAQARFPIYGIPDDFISVPLPAGLRSGKA
LVRIRQTGKNSGTIDNTGGTHTADLSRFPI TARTTAIKGRFEGSRFLPYHTRNQINGGAL
DGKAPILGYAEDPVELFFMHIQGSGRLKTPSGKY IRIGYADKNEHPYVS IGRYMADKGYL
KLGQTSMQGI KAYMRONPQRLAEVLGONPS YI FFRELAGS SNDGPVGALGTPLMGEYAGA
VDRHYI TLGAPLFVATAHPVTRKALNRLIMAQDTGSAIKGAVRVD YFWGYGDEAGELAGK
QKTTGYVWQLLPNGMKPEYRP *

ZM14 <SEQ ID 3222>
MKKYLFRAALCGIAAATLAACQSKSIQTFPQPDTSVINGPDRPVGIPAPAGTTVAGGGAV
YTVVPHLSLPHWAAQDFAKSLQSFRLGCANLKNRQGWQDV CAQAFQTPVHSFQAKQFFER
YFTPWQVAGNGSLAGTVTGYYEPVLKGDDRRTAQARFPIYGIPDDFISVPLPAGLRSGKA
LVRIRQTGKNSGTIDNAGGTHTADLSRFPITARTTAIKGRFEGSRFLPYHTRNQINGGAL
DGKAPILGYAEDPVELFFMHIQGSGRLKTPSGKYIRIGYADKNEHPYVSIGKYMADKGYL
KLGQTSMQGIKSYMRONPQRLAEVLGONPSYIFFRELTGSRNDGPVGALGTPLMGEYAGA
VDRHYITLGAPLFVATAHPVTRKALNRLIMAQDTGSAIKGAVRVDYFWGYGDEAGELAGK
QKTTGYVWQLLPNGMKPEYRP *

ZM15 <SEQ ID 3223>
MKKYLFRAALYGIAAATLAACQSKSIQTFPQPDTSVINGPDRPVGIPDLAGTTVGGGGAV
YTVVPHLSLPHWAAQDFAKSLQSFRLGCANLKNHQGWQDV CAQAFQTPVHSFQAKQFFER
YFTPWQVAGNGSLAGTVTGYYEPVLKGDDRRTAQARFPIYGIPDDFISVPLPAGLRSGKA
LVRIRQTGKNSGTIDNTGGTHTADLSRFPITARTTAIKGRFEGSRFLPYHTRNQINGGAL
DGKAPILGYAEDPVELFFMHIQGSGRLKTPSGKYIRIGYADKNEHPYVSIGKYMADKGYL
KLGQTSMQGIKSYMRONPQRLAEVLGONPSYIFFRELTGSGNDGPVGALGTPLMGEYAGA
VDRHYITLGAPLFVATAHPVTRKALNRLIMAQDTGSAIKGAVRVDYFWGYGDEAGELAGK
QKTTGYVWQLLPNGMKPEYRP *

ZM16 <SEQ ID 3224>
MKKYLFRAALCGIAAATLAACQSKSIQTFPQPDTSVINGPGRPVGIPDPAGTTVGGGGAV
YTVVPHLSLPHWAAQDFAKSLQSFRLGCANLKNRQGWQDV CAQAFQTPVHSFQAKQFFER
YFTPWQVAGNGSLAGTVTGYYEPVLKGDDRRTAQARFPIYGIPDDFISVPLPAGLRSGKA
LVRIRQTGKNSGTIDNTGGTHTADLSQFPITARTTAIKGRFEGSRFLPYHTRNQINGGAL
DGKAPILGYAEDPVELFFMHIQGSGRLKTPSGKYIRIGYADKNEHPYVSIGKYMADKGYL
KLGQTSMQGIKSYMRONPQRLAEVLGONPSYIFFRELTGS SNDGPVGALGTPLMGEYAGA
VDRHYITLGAPLFVATAHPVTRKALNRLIMAQDTGSAIKGAVRVDYFWGYGDEAGELAGK
QKTTGYVWQLLPNGMKPEYRP *

ZM17 <SEQ ID 3225>
MKKYLFRAALYGIAAATLAACQSKSIQTFPQPDTSVINGPDRPVGIPDPAGTTVGGGGAV
YTVVPHLSLPHWAAQDFAKSLQSFRLGCANLKNRQGWQDV CAQAFQTPVHSFQAKQFFER
YFTPWQVAGNGSLAGTVTGYYEPVLKGDDRRTAQARFPIYGIPDDFISVPLPAGLRSGKA
LVRIRQTGKNSGTIDNTGGTHTADLSRFPITARTTAIKGRFEGSRFLPYHTRNQINGGAL
DGKAPILGYAEDPVELFFMHIQGSGRLKTPSGKYIRIGYADKNEHPYVSIGKYMADKGYL
KLGQTSMQGIKSYMRONPQRLAEVLGONPSYIFFRELTGS SNDGPVGALGTPLMGEYAGA
VDRHYITLGAPLFVATAHPVTRKALNRLIMAQDTGSAIKGAVRVDYFWGYGDEAGELAGK
QKTTGYVWQLLPNGMKPEYRP *

ZM18 <SEQ ID 3226>
MKKYLFRAALYGIAAATLAACQSKSIQTFPQPDTSVINGPDRPVGIPDPAGTTVGGGGAV
YTVVPHLSLPHWAAQDFAKSLQSFRLGCANLKNRQGWQDV CAQAFQTPVHSFQAKQFFER
YFTPWQVAGNGSLAGTVTGYYEPVLKGDDRRTAQARFPIYGIPDDFISVPLPAGLRSGKA
LVRIRQTGKNSGTIDNTGGTHTADLSRFPITARTTAIKGRFEGSRFLPYHTRNQINGGAL
DGKAPILGYAEDPVELFFMHIQGSGRLKTPSGKYIRIGYADKNEHPYVSIGRYMADKGYL
KLGQTSMQGIKSYMRONPQRLAEVLGONPSYIFFRELAGS SNDGPVGALGTPLMGEYAGA
VDRHYITLGAPLFVATAHPVTRKALNRLIMAQDTGSAIKGAVRVDYFWGYGDEAGELAGK
QKTTGYVWQLLPNGMKPEYRP *

ZM19 <SEQ ID 3227>
MKKYLFRAALYGIAAATLAACQSKSIQTFPQPDTSVINGPDRPVGIPDPAGTTVGGGGAV
YTVVPHLSLPHWAAQDFAKSLQSFRLGCANLKNRQGWQDV CAQAFQTPVHSFQAKQFFER
YFTPWQVAGNGSLAGTVTGYYEPVLKGDDRRTAQARFPIYGIPDDFISVPLPAGLRSGKA
LVRIRQTGKNSGTIDNTGGTHTADLSRFPITARTTAIKGRFEGSRFLPYHTRNQINGGAL
DGKAPILGYAEDPVELFFMHIQGSGRLKTPSGKYIRIGYADKNEHPYVSIGRYMADKGYL
KLGQTSMQGIKSYMRONPQRLAEVLGONPSYIFFRELAGS SNDGPVGALGTPLMGEYAGA
VDRHYITLGAPLFVATAHPVTRKALNRLIMAQDTGSAIKGAVRVDYFWGYGDEAGELAGK
QKTTGYVWQLLPNGMKPEYRP *

ZM20 <SEQ ID 3228>
MKKYLFRAALYGIAAATLAACQSKSIQTFPQPDTSVINGPDRPVGIPDPAGTTVGGGGAV
YTVVPHLSLPHWAAQDFAKSLQSFRLGCANLKNRQGWQDV CAQAFQTPVHSFQAKQFFER
YFTPWQVAGNGSLAGTVTGYYEPVLKGDDRRTAQARFPIYGIPDDFISVPLPAGLRSGKA
LVRIRQTGKNSGTIDNTGGTHTADLSRFPITARTTAIKGRFEGSRFLPYHTRNQINGGAL
DGKAPILGYAEDPVELFFMHIQGSGRLKTPSGKYIRIGYADKNEHPYVSIGRYMADKGYL
KLGQTSMQGIKSYMRONPQRLAEVLGONPSYIFFRELAGS SNDGPVGALGTPLMGEYAGA
VDRHYITLGAPLFVATAHPVTRKALNRLIMAQDTGSAIKGAVRVDYFWGYGDEAGELAGK
QKTTGYVWQLLPNGMKPEYRP *

ZM21 <SEQ ID 3229>
MKKYLFRAALYGIAAATLAACQSKSIQTFPQPDTSVINGPDRPVGIPDPAGTTVGGGGAV
YTVVPHLSLPHWAAQDFAKSLQSFRLGCANLKNRQGWQDV CAQAFQTPVHSFQAKQFFER
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YFTPWQVAGNGS LAGTVTGYYEPVLKGDDRRTAQARFPIYGIPDDFISVPLPAGLRSGKA
LVRIRQTGKNSGTIDNTGGTHTADLSRFPI TARTTAIKGRFEGSRFLPYHTRNQINGGAL
DGKAPILGYAEDPVELFFMHIQGSGRLKTPSGKY IRIGYADKNEHPYVS IGRYMADKGYL
KLGQTSMQGIKS YMRONPQRLAEVLGONPS YI FFRELAGS SNDGPVGALGTPLMGEYAGA
VDRHYI TLGAPLFVATAHPVTRKALNRLIMAQDTGSAIKGAVRVD YFWGYGDEAGELAGK
QKTTGYVWQLLPNGMKPEYRP *

ZM22 <SEQ ID 3230>
MKKYLFRAALCGIAAATLAACQSKSIQTFPQPDTSVINGPDRPVGIPDPAGTTVGGGGAV
YTVVPHLSLPHWAAQDFAKSLQSFRLGCANLKNRQGWQDV CAQAFQTPVHSVQAKQFFER
YFTPWQVAGNGSLAGTVTGYYEPVLKGDDRRTAQARFPIYGIPDDFISVPLPAGLRSGKA
LVRIRQTGKNSGTIDNTGGTHTADLSQFPITARTTAIKGRFEGSRFLPYHTRNQINGGAL
DGKAPILGYAEDPVELFFMHIQGSGRLKTPSGKYIRIGYADKNEHPYVSIGRYMADKGYL
KLGQTSMQGI KAYMQONPQRLAEVLGONPSYIFFRELTGS SNDGPVGALGTPLMGEYAGA
VDRHYITLGAPLFVATAHPVTRKALNRLIMAQDTGSAIKGAVRVDYFWGYGDEAGELAGK
QKTTGYVWQLLPNGMKPEYRP *

ZM23ASBC <SEQ ID 3231>

MKKYLFRAALYGIAAATLAACQSKSIQTFPQPDTSVINGPDRPVGIPDPAGTTVGGGGAV
YTVVPHLSLPHWAAQDFAKSLQSFRLGCANLKNRQGWQDV CAQAFQTPVHSFQAKQFFER
YFTPWQVAGNGSLAGTVTGYYEPVLKGDDRRTAQARFPIYGIPDDFISVPLPAGLRSGKA
LVRIRQTGKNSGTIDNAGGTHTADLSRFPITARTTAIKGRFEGSRFLPYHTRNQINGGAL
DGKAPILGYAEDPVELFFMHIQGSGRLKTPSGKYIRIGYADKNEHPYVSIGKYMADKGYL
KLGQTSMQGIKSYMRONPQRLAEVLGONPSYIFFRELAGS SNDGPVGALGTPLMGEYAGA
VDRHYITLGAPLFVATAHPVTSKALNRLIMAQDTGSAIKGAVRVDYFWGYGDEAGETAGK
MKEPGYVWQLLPNGMKPEYRP *

ZM24 <SEQ ID 3232>
MKKYLFRAALCGIAAATLAACQSKSIQTFPQPDTSVINGPDRPVGIPAPAGTTVAGGGAV
YTVVPHLSLPHWAAQDFAKSLQSFRLGCANLKNRQGWQDV CAQAFQTPVHSFQAKQFFER
YFTPWQVAGNGSLAGTVTGYYEPVLKGDDRRTAQARFPIYGIPDDFISVPLPAGLRSGKA
LVRIRQTGKNSGTIDNTGGTHTADLSQFPITARTTAIKGRFEGSRFLPYHTRNQINGGAL
DGKAPILGYAEDPVELFFMHIQGSGRLKTPSGKYIRIGYADKNEHPYVSIGKYMADKGYL
KLGQTSMQGIKSYMRONPQRLAEVLGONPSYIFFRELTGSGNDGPVGALGTPLMGEYAGA
VDRHYITLGAPLFVATAHPVTRKALNRLIMAQDTGSAIKGAVRVDYFWGYGDEAGELAGK
QKTTGYVWQLLPNGMKPEYRP *

ZM25 <SEQ ID 3233>
MKKYLFRAALCGIAAATLAACQSKSIQTFPQPDTSVINGPDRPVGIPAPAGTTVAGGGAV
YTVVPHLSLPHWAAQDFAKSLQSFRLGCANLKNRQGWQDV CAQAFQTPVHSFQAKQFFER
YFTPWQVAGNGSLAGTVTGYYEPVLKGDDRRTAQARFPIYGIPDDFISVPLPAGLRSGKA
LVRIRQTGKNSGTIDNTGGTHTADLSQFPITARTTAIKGRFEGSRFLPYHTRNQINGGAL
DGKAPILGYAEDPVELFFMHIQGSGRLKTPSGKYIRIGYADKNEHPYVSIGKYMADKGYL
KLGQTSMQGIKSYMRONPQRLAEVLGONPSYIFFRELTGSGNDGPVGALGTPLMGEYAGA
VDRHYITLGAPLFVATAHPVTRKALNRLIMAQDTGSAIKGAVRVDYFWGYGDEAGELAGK
QKTTGYVWQLLPNGMKPEYRP *

ZM26 <SEQ ID 3234>
MKKYLFRAALYGIAAATLAACQSKSIQTFPQPDTSVINGPDRPVGIPDPAGTTVGGGGAV
YTVVPHLSLPHWAAQDFAKSLQSFRLGCANLKNRQGWQDV CAQAFQTPVHSVQAKQFFER
YFTPWQVAGNGSLAGTVTGYYEPVLKGDDRRTAQARFPIYGIPDDFISVPLPAGLRSGKA
LVRIRQTGKNSGTIDNTGGTHTADLSQFPITARTTAIKGRFEGSRFLPYHTRNQINGGAL
DGKAPILGYAEDPVELFFMHIQGSGRLKTPSGKYIRIGYADKNEHPYVSIGRYMADKGYL
KLGQTSMQGI KAYMQONPQRLAEVLGONPSYIFFRELTGS SNDGPVGALGTPLMGEYAGA
VDRHYITLGAPLFVATAHPVTRKALNRLIMAQDTGSAIKGAVRVDYFWGYGDEAGELAGK
QKTTGYVWQLLPNGMKPEYRP *

ZM27BC <SEQ ID 3235>
MKKYLFRAALYGISAATILAACQSKSIQTFPQPDTSVINGPDRPAGIPDPAGTTVAGGGAV
YTVVPHLSLPHWAAQDFAKSLQSFRLGCANLKNRQGWQDV CAQAFQTPVHSFQAKQFFER
YFTPWQVAGNGSLAGTVTGYYEPVLKGDDRRTAQARFPIYGIPDDFISVPLPAGLRSGKA
LVRIRQTGKNSGTIDNAGGTHTADLSRFPITARTTAIKGRFEGSRFLPYHTRNQINGGAL
DGKAPILGYAEDPVELFFMHIQGSGRLKTPSGKYIRIGYADKNEHPYVSIGRYMADKGYL
KLGQTSMQGIKSYMRONPQRLAEVLGONPSYIFFRELTGS SNDGPVGALGTPLMGEYAGA
VDRHYITLGAPLFVATAHPVTRKALNRLIMAQDTGSAIKGAVRVDYFWGYGDEAGETAGK
MKEPGYVWQLLPNGMKPEYRP *

ZM28 <SEQ ID 3236>
MKKYLFRAALCGIAAATLAACQSKSIQTFPQPDTSVINGPDRPVGIPDPAGTTVGGGGAV
YTVVPHLSLPHWAAQDFAKSLQSFRLGCANLKNRQGWQDV CAQAFQTPVHSFQAKQFFER
YFTPWQVAGNGSLAGTVTGYYEPVLKGDDRRTAQARFPIYGIPDDFISVPLPAGLRSGKA
LVRIRQTGKNSGTIDNTGGTHTADLSQFPITARTTAIKGRFEGSRFLPYHTRNQINGGAL
DGKAPILGYAEDPVELFFMHIQGSGRLKTPSGKYIRIGYADKNEHPYVSIGRYMADKGYL
KLGQTSMQGI KAYMRONPQRLAEVLGONPSYIFFRELAGS SNDGPVGALGTPLMGEYAGA
VDRHYITLGAPLFVATAHPVTRKALNRLIMAQDTGSAIKGAVRVDYFWGYGDEAGELAGK
QKTTGYVWQLLPNGMKPEYRP *

ZM29ASBC <SEQ ID 3237>

MKKYLFRAALCGIAAATLAACQSKSIQTFPQPDTSVINGPDRPVGIPDPAGTTVGGGGAV
YTVVPHLSLPHWAAQDFAKSLQSFRLGCANLKNRQGWQDV CAQAFQTPVHSFQAKQFFER
YFTPWQVAGNGSLAGTVTGYYEPVLKGDDRRTAQARFPIYGIPDDFISVPLPAGLRSGKA
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LVRIRQTGKNSGTIDNTGGTHTADLSQFPI TARTTAIKGRFEGSRFLPYHTRNQINGGAL
DGKAPILGYAEDPVELFFMHIQGSGRLKTPSGKY IRIGYADKNEHPYVS IGRYMADKGYL
KLGQTSMQGIKS YMRONPQRLAEVLGONPS YI FFRELTGSGNDGPVGALGTPLMGEYAGA
VDRHYITLGAPLEFVATTHPITRKALNRLIMAQDTGSAIKGAVRVDYFWGYGDEAGELAGK
QKTTGYVWQLLPNGMKPEYRP *

ZM31ASBC <SEQ ID 3238>

MKKHLFRAALYGIAAATLAACQSKSIQTFPQPDTSIIKGPDRPAGIPDPAGTTVGGGGAV
YTVVPHLSLPHWAAQDFAKSLQSFRLGCANLKNRQGWQDV CAQAFQTPVHSFQAKQFFER
YFTPWQVAGNGSLAGTVTGYYEPVLKGDDRRTAQARFPIYGIPDDFISVPLPAGLRSGKA
LVRIRQTGKNSGTIDNAGGTHTADLSRFPITARTTAIKGRFEGSRFLPYHTRNQINGGAL
DGKAPILGYAEDPVELFFMHIQGSGRLKTPSGKYIRIGYADKNEHPYVSIGRYMADKGYL
KLGQTSMQGI KAYMRONPQRLAEVLGONPSYVFFRELAGSGNDGPVGALGTPLMGEYAGA
VDRHYITLGAPLFVATAHPVTRKALNRLIMAQDTGSAIKGAVRVDYFWGYGDEAGELAGK
QKTTGYVWQLLPNGMKPEYRP *

ZM32ASBC <SEQ ID 3239>

MKKHLLRSALYGIAAATLAACQSRSIQTFPQPDTSVINGPDRPAGIPDPAGTTVAGGGAV
YTVVPHLSMPHWAAQDFAKSLQSFRLGCANLKNRQGWQDV CAQAFQTPVHSFQAKRFFER
YFTPWQVAGNGSLAGTVTGYYEPVLKGDGRRTERARFPIYGIPDDFISVPLPAGLRGGKA
LVRIRQTGKNSGTIDNAGGTHTADLSRFPITARTTAIKGRFEGSRFLPYHTRNQINGGAL
DGKAPILGYAEDPVELFFMHIQGSGRLKTPSGKYIRIGYADKNEHPYVSIGRYMADKGYL
KLGQTSMQGI KAYMRONPQRLAEVLGONPSYIFFRELAGSGGDGPVGALGTPLMGGYAGA
IDRHYITLGAPLFVATAHPVTRKALNRLIMAQDTGSAIKGAVRVDYFWGYGDEAGELAGK
QKTTGYVWQLLPNGMKPEYRP *

ZM33ASBC <SEQ ID 3240>

MKKHLLRSALYGIAAATLAACQSRSIQTFPQPDTSVINGPDRPAGIPDPAGTTVAGGGAV
YTVVPHLSMPHWAAQDFAKSLQSFRLGCANLKNRQGWQDVCAQAFQTPIHSFQAKRFFER
YFTPWQVAGNGSLAGTVTGYYEPVLKGDGRRTERARFPIYGIPDDFISVPLPAGLRGGKN
LVRIRQTGKNSGTIDNAGGTHTADLSRFPITARTTAIKGRFEGSRFLPYHTRNQINGGAL
DGKAPILGYAEDPVELFFMHIQGSGRLKTPSGKYIRIGYADKNEHPYVSIGRYMADKGYL
KLGQTSMQGIKSYMRONPHKLAEVLGONPSYIFFRELAGSGNEGPVGALGTPLMGEYAGA
IDRHYITLGAPLFVATAHPVTRKALNRLIMAQDTGSAIKGAVRVDYFWGYGDEAGELAGK
QKTTGYVWQLLPNGMKPEYRP *

ZM96 <SEQ ID 3241>
MKKYLFRAALYGIAAATLAACQSKSIQTFPQPDTSVINGPDRPVGIPDPAGTTVGGGGAV
YTVVPHLSLPHWAAQDFAKSLQSFRLGCANLKNRQGWQDV CAQAFQTPVHSFQAKQFFER
YFTPWQVAGNGSLAGTVTGYYEPVLKGDDRRTAQARFPIYGIPDDFISVPLPAGLRSGKA
LVRIRQTGKNSGTIDNTGGTHTADLSRFPITARTTAIKGRFEGSRFLPYHTRNQINGGAL
DGKAPILGYAEDPVELFFMHIQGSGRLKTPSGKYIRIGYADKNEHPYVSIGRYMADKGYL
KLGQTSMQGI KAYMRONPQRLAEVLGONPSYIFFRELAGS SNDGPVGALGTPLMGEYAGA
VDRHYITLGAPLFVATAHPVTRKALNRLIMAQDTGSAIKGAVRVDYFWGYGDEAGELAGK
QKTTGYVWQLLPNGMKPEYRP *

FIG. 23 shows the results of aligning the sequences ofeach , Example 16
of'these strains. Dark shading indicates regions of homology,
and gray shading indicates the conservation of amino acids
with similar characteristics. As is readily discernible, there is
significant conservation among the various strains of ORF gonucleotide primers were employed in the polymerase chain
225, further confirming its utility as an antigen for both vac-
cines and diagnostics.

Using the above-described procedures, the following oli-

reaction (PCR) assay in order to clone the ORFs as indicated:

TABLE 7

Oligonucleotides used for PCR to amplify complete or partial ORFsg

Restriction
ORF SEQ ID primer Sequence sites
001 3300 Forward CGCGGATCCCATATG- TGGATGGTGCTGGTCAT BamHI -
Ndel
3301 Reverse CCCGCTCGAG-TGCCGTCTTGTCCCAC XhoI
003 3302 Forward CGCGGATCCCATATG-GTCGTATTCGTGGC BamHI -
Ndel
3303 Reverse CCCGCTCGAG-AAAATCATGAACACGCGC XhoI
005 3304 Forward CGCGGATCCCATATG-GACAATATTGACATGT BamHI -
Ndel
3305 Reverse CCCGCTCGAG-CATCACATCCGCCCG XhoI
006 3306 Forward CGCGGATCCCATATG-CTGCTGGTGCTGG BamHI -
Ndel
3307 Reverse CCCGCTCGAG-AGTTCCGGCTTTGATGT XhoI
007 3308 Forward CGCGGATCCCATATG-GCCGACAACAGCATCAT BamHI -
Ndel
3309 Reverse CCCGCTCGAG-AAGGCGTTCATGATATAAG XhoI
008 3310 Forward CGCGGATCCCATATG-AACAACAGACATTTTG BamHI -

Ndel
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Oligonucleotides uged for PCR to amplif

complete or partial ORFs

Restriction
ORF SEQ ID primer Sequence sites
3311 Reverse CCCGCTCGAG-CCTGTCCGGTAAAAGAC XhoI
009 3312 Forward CGCGGATCCCATATG-CCCCGCGCTGCT BamHI -
Ndel
3313 Reverse CCCGCTCGAG- TGGCTTTTGCCACGTTTT XhoI
011 3314 Forward CGCGGATCCCATATG-AAGACACACCGCAAG BamHI -
Ndel
3315 Reverse CCCGCTCGAG-GGCGGTCAGTACGGT XhoI
012 3316 Forward CGCGGATCCCATATG-CTCGCCCGTTGCC BamHI -
Ndel
3317 Reverse CCCGCTCGAG-AGCGGGGAAGAGGCAC XhoI
013 3318 Forward CGCGGATCCCATATG-CCTTTGACCATGCT BamHI -
Ndel
3319 Reverse CCCGCTCGAG-CTGATTCGGCAAAAAAATCT XhoI
018 3320 Forward CGCGGATCCCATATG-CAGCAGAGGCAGTT BamHI -
Ndel
3321 Reverse CCCGCTCGAG-GACGAGGCGAACGCC XhoI
019 3322 Forward AAAGAATTC-CTGCCAGCCGGCAAGACCCCGGC Eco RI
3323 Reverse AAACTGCAG-TCAGCGGGCGGGGACAATGCCCAT Pst I
023 3324 Forward AAAGAATTC-AAAGAATATTCGGCATGGCAGGC Eco RI
3325 Reverse AAACTGCAG-TTACCCCCAAATCACTTTAACTGA Pst I
025 3326 Forward AAAGAATTC-TGCGCCACCCAACAGCCTGCTCC Eco RI
3327 Reverse AAACTGCAG-TCAGAACGCGATATAGCTGTTCGG Pst I
031 3328 Forward CGCGGATCCCATATG-GTCTCCCTTCGCTT BamHI -
Ndel
3329 Reverse CCCGCTCGAG-ATGTAAGACGGGGACAAC XhoI
032 3330 Forward CGCGGATCCCATATG-CGGCGAAACGTGC BamHI -
Ndel
3331 Reverse CCCGCTCGAG-CTGGTTTTTTGATATTTGTG XhoI
033 3332 Forward CGCGGATCCCATATG-GCGGCGGCAGACA BamHI -
Ndel
3333 Reverse CCCGCTCGAG-ATTTGCCGCATCCCGAT XhoI
034 3334 Forward CGCGGATCCCATATG-GCCGAARACAGCTACGG BamHI -
Ndel
3335 Reverse CCCGCTCGAG- TTTGACGATTTGGTTCAATT XhoI
036 3336 Forward CGCGGATCCCATATG-CTGAAGCCGTGCG BamHI -
Ndel
3337 Reverse CCCGCTCGAG-CCGGACTGCGTATCGG XhoI
038 3338 Forward CGCGGATCCCATATG-ACCGATTTCCGCCA BamHI -
Ndel
3339 Reverse CCCGCTCGAG-TTCTACGCCGTACTGCC XhoI
039 3340 Forward CGCGGATCCCATATG-CCGTCCGAACCGC BamHI -
Ndel
3341 Reverse CCCGCTCGAG- TAGGATGACGAGGTAGG XhoI
041 3342 Forward CGCGGATCCCATATG-TTCGTGCGCGAACCGC BamHI -
Ndel
3343 Reverse CCCGCTCGAG-GCCCAAAAACTCTTTCAAA XhoI
042 3344 Forward CGCGGATCCCATATG-ACGATGATTTGCTTGC BamHI -
Ndel
3345 Reverse CCCGCTCGAG- TTTGCAGCCTGCATTTGAC XhoI
043 3346 Forward AAAAAAGGTACC-ATGGTTGTTTCAAATCAAAATATC Kpn I
3347 Reverse AAACTGCAG-TTATTGCGCTTCACCTTCCGCCGC Pst I
043a 3348 Forward AAAAANGGTACC-GCARAAGTGCATGGCGGCTTGGACGGTGC Kpn I
3349 Reverse AAAAANCTGCAG- Pst I
TTAATCCTGCAACACGAATTCGCCCGTCCG
044 3350 Forward CGCGGATCCCATATG-CCGTCCGACTAGAG BamHI -
Ndel
3351 Reverse CCCGCTCGAG-ATGCGCTACGGTAGCCA XhoI
046 3352 Forward AAAGAATTC-ATGTCGGCAATGCTCCCGACAAG Eco RI
3353 Reverse AAACTGCAG-TCACTCGGCGACCCACACCGTGAA Pst I
047 3354 Forward CGCGGATCCCATATG-GTCATCATACAGGCG BamHI -
Ndel
3355 Reverse CCCGCTCGAG- TCCGAAAAAGCCCATTTTG XhoI
048 3356 Forward AAAGAATTC-ATGCTCAACAAAGGCGAAGAATTGCC Eco RI
3357 Reverse AAACTGCAG-TCAAGATTCGACGGGGATGATGCC Pst I
049 3358 Forward AAAGAATTC-ATGCGGGCGCAGGCGTTTGATCAGCC Eco RI
3359 Reverse AAACTGCAG-AAGGCGTATCTGAAAAAATGGCAG Pst I
050 3360 Forward CGCGGATCCCATATG-GGCGCGGGCTGG BamHI -
Ndel
3361 Reverse CCCGCTCGAG-AATCGGGCCATCTTCGA XhoI
052 3362 Forward AAAAAAGAATTC-ATGGCTTTGGTGGCGGAGGAAAC Eco RI
3363 Reverse AAAAAAGTCGAC- TCAGGCGGCGTTTTTCACCTTCCT Sal I
052a 3364 Forward AAAAAAGAATTC-GTGGCGGAGGAAACGGAAATATCCGC Eco RI
3365 Reverse AAAAAACTGCAG- TTAGCTGTTTTTGGAAACGCCGTCCAACCC Pst I
073 3366 Forward CGCGGATCCCATATG-TGTATGCCATATAAGAT BamHI -

Ndel
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Oligonucleotides uged for PCR to amplif

complete or partial ORFs

Restriction
ORF SEQ ID primer Sequence sites
3367 Reverse CCCGCTCGAG-CACCGGATTGTCCGAC XhoI
075 3368 Forward CGCGGATCCCATATG-CCGTCTTACTTCATC BamHI -
Ndel
3369 Reverse CCCGCTCGAG-ATCACCAATGCCGATTATTT XhoI
077a 3370 Forward AAAAAAGAATTC-GGCGGCATTTTCATCGACACCTTCCT Eco RI
3371 Reverse AAAAAACTGCAG- TCAGACGAACATCTGCACAAACGCAAT Pst I
080 3372 Forward AAAGAATTC-GCGTCCGGGCTGGTTTGGTTTTACAATTC Eco RI
3373 Reverse AAACTGCAG-CTATTCTTCGGATTCTTTTTCGGG Pst I
081 3374 Forward AAAGAATTC-ATGAAACCACTGGACCTAAATTTCATCTG Eco RI
3375 Reverse AAACTGCAG-TCACTTATCCTCCAATGCCTC Pst I
082 3376 Forward AAAGAATTC-ATGTGGTTGTTGAAGTTGCCTGC Eco RI
3377 Reverse AAACTGCAG-TTACGCGGATTCGGCAGTTGG Pst I
084 3378 Forward AAAGAATTC-TATCACCCAGAATATGAATACGGCTACCG Eco RI
3379 Reverse AAACTGCAG-TTATACTTGGGCGCAACATGA Pst I
085 3380 Forward CGCGGATCCCATATG-GGTAAAGGGCAGGACT BamHI -
Ndel
3381 Reverse CCCGCTCGAG- CAAAGCCTTAAACGCTTCG XhoI
086 3382 Forward AAAAAAGGTACC- TATTTGGCATCAAAAGAAGGCGG Kpn I
3383 Reverse AAACTGCAG-TTACTCCACCCGATAACCGCG Pst I
087 3384 Forward AAAGAATTC-ATGGGCGGTAAAACCTTTATGC Eco RI
3385 Reverse AAACTGCAG-TTACGCCGCACACGCAATCGC Pst I
087a 3386 Forward AAAAAAGAATTC-AAGCTATTAGGCGTGCCGATTGTGATTCA Eco RI
3387 Reverse AAAAAACTGCAG- TTACGCCTGCAAGATGCCCAGCTTGCC Pst I
088 3388 Forward AAAAAAGAATTC-ATGTTTTTATGGCTCGCACATTTCAG Eco RI
3389 Reverse AAAAAACTGCAG- TCAGCGGATTTTGAGGGTACTCAAACC Pst I
089 3390 Forward CGCGGATCCCATATG-CCGCCCAAAATCAC BamHI -
Ndel
3391 Reverse CCCGCTCGAG- TGCGCATACCAAAGCCA XhoI
090 3392 Forward CGCGGATCCCATATG-CGCATAGTCGAGCA BamHI -
Ndel
3393 Reverse CCCGCTCGAG-AGCAAAACGGCGGTACG XhoI
091 3394 Forward AAAGAATTC-ATGGAAATACCCGTACCGCCGAGTCC Eco RI
3395 Reverse AAACTGCAG-TCAGCGCAGGGGGTAGCCCAAGCC Pst I
092 3396 Forward AAAGAATTC-ATGTTTTTTATTTCAATCCG Eco RI
3397 Reverse AAACTGCAG-TCAAATCTGTTTCGACAATGC Pst I
093 3398 Forward AAAGAATTC-ATGCAGAATTTTGGCAAAGTGGC Eco RI
3399 Reverse AAACTGCAG-CTATGGCTCGTCATACCGGGC Pst I
094 3400 Forward AAAGAATTC-ATGCCGTCACGGAAGCGCATCAACTC Eco RI
3401 Reverse AAACTGCAG-TTATCCCGGCCATACCGCCGAACA Pst I
095 3402 Forward AAAGAATTC-ATGTCCTTTCATTTGAACATGGACGG Eco RI
3403 Reverse AAACTGCAG-TCAACGCCGCAGGCACTAACGCCC Pst I
096 3404 Forward AAAGAATTC-ATGGCTCGTCATACCGGGCAGGG Eco RI
3405 Reverse AAACTGCAG-TCAAAGGAAAAGGCCGTCTGAAAAGCG Pst I
097 3406 Forward AAAGAATTC-ATGGACACTTCAAAACAAACACTGTTG Eco RI
3407 Reverse AAACTGCAG-TCAGCCCAAATACCAGAATTTCAG Pst I
098 3408 Forward AAAGAATTC-GATGAACGCAGCCCAGCATGGATACG Eco RI
3409 Reverse AAACTGCAG-TTACGACATTCTGATTTGGCA Pst I
102 3410 Forward AAAAAAGAATTC-GGCCTGATGATTTTGGAAGTCAACAC Eco RI
3411 Reverse AAAAAACTGCAG-TTATCCTTTAAATACGGGGACGAGTTC Pst I
105 3412 Forward CGCGGATCCCATATG-TCCGCAAACGAATACG BamHI -
Ndel
3413 Reverse CCCGCTCGAG-GTGTTCTGCCAGTTTCAG XhoI
107 3414 Forward AAAAADNGAATTC- Eco RI
CTGATGATTTTGGAAGTCAACACCCATTATCC
3415 Reverse AAAAAACTGCAG-TTATCCTTTAAATACGGGGACGAGTTC Pst I
107b 3416 Forward AAAAAAGAATTC- Eco RI
GATACCCAAGCCCCCGCCGGCACAAACTACTG
3417 Reverse AAAAANCTGCAG- Pst I
TTACGCGTCGCCTTTAAAGTATTTGAGCAGGCTGGAGAC
108 3418 Forward AAAGAATTC-ATGTTGCCGGGCTTCAACCG Eco RI
3419 Reverse AAACTGCAG-TTAGCGGTACAGGTGTTTGAAGCA Pst I
108a 3420 Forward AAAAAAGAATTC-GGTAACACATTCGGCAGCTTAGACGGTGG Eco RI
3421 Reverse AAACTGCAG-TTAGCGGTACAGGTGTTTGAAGCA Pst I
109 3422 Forward AAAGAATTC-ATGTATTATCGCCGGGTTATGGG Eco RI
3423 Reverse AAACTGCAG-CTAGCCCAAAGATTTGAAGTGTTC Pst I
111 3424 Forward CGCGGATCCCATATG-TGTTCGGAACAAACCGC BamHI -
Ndel
3425 Reverse CCCGCTCGAG-GCGGAGCAGTTTTTCAAA XhoI
114 3426 Forward CGCGGATCCCATATG-GCTTCCATCACTTCGC BamHI -
Ndel
3427 Reverse CCCGCTCGAG-CATCCGCGAAATCGTC XhoI
117 3428 Forward AAAAANGGTACC-ATGGTCGAAGAACTGGAACTGCTG Kpn I
3429 Reverse AAACTGCAG-TTAAAGCCGGGTAACGCTCAATAC Pst I
118 3430 Forward AAAGTCGACATGTGTGAGTTCAAGGATATTATAAG Sal I
3431 Reverse AAAGCATGC-CTATTTTTTGTTGTAATAATCAAATC Sph I
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complete or partial ORFs
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121 3432 Forward CGCGGATCCCATATG-GAAACACAGCTTTACAT BamHI -
Ndel
3433 Reverse CCCGCTCGAG-ATAATAATATCCCGCGCCC XhoI
122 3434 Forward CGCGGATCCCATATG-GTCATGATTAAAATCCGCA BamHI -
Ndel
3435 Reverse CCCGCTCGAG-AATCTTGGTAGATTGGATTT XhoI
125 3436 Forward AAAGAATTC-ATGTCGGGCAATGCCTCCTCTCC Eco RI
3437 Reverse AAACTGCAG-TCACGCCGTTTCAAGACG Pst I
125a 3438 Forward AAAAANGAATTC-ACGGCAGGCAGCACCGCCGCACAGGTTTC Eco RI
3439 Reverse AAAAANCTGCAG- Pst I
TTATTTTGCCACGTCGGTTTCTCCGGTGAACAACGC
126 3440 Forward CGCGGATCCCATATG-CCGTCTGAAACCC BamHI -
Ndel
3441 Reverse CCCGCTCGAG-ATATTCCGCCGAATGCC XhoI
127 3442 Forward AAAGAATTC-ATGGAAATATGGAATATGTTGGACACTTG Eco RI
3443 Reverse AAACTGCAG-TTAAAGTGTTTCGGAGCCGGC Pst I
127a 3444 Forward AAAAAAGAATTC-AAGGAACTGATTATGTGTCTGTCGGG Eco RI
3445 Reverse AAACTGCAG-TTAAAGTGTTTCGGAGCCGGC Pst I
128 3446 Forward CGCGGATCCCATATG-ACTGACAACGCACT BamHI -
Ndel
3447 Reverse CCCGCTCGAG-GACCGCGTTGTCGAAA XhoI
130 3448 Forward CGCGGATCCCATATG-AAACAACTCCGCGA BamHI -
Ndel
3449 Reverse CCCGCTCGAG-GAATTTTGCACCGGATTG XhoI
132 3450 Forward AAAGAATTC-ATGGAACCCTTCAAAACCTTAATTTG Eco RI
3451 Reverse AAAAAACTGCAG-TCACCATGTCGGCATTTGAAAAAC Pst I
134 3452 Forward CGCGGATCCCATATG-TCCCAAGAAATCCTC BamHI -
Ndel
3453 Reverse CCCGCTCGAG- CAGTTTGACCGAATGTTC XhoI
135 3454 Forward CGCGGATCCCATATG-AAATACAAAAGAATCGTATT BamHI -
Ndel
3455 Reverse CCCGCTCGAG-AAATTCGGTCAGAAGCAGG XhoI
137 3456 Forward AAAAAAGGTACC-ATGATTACCCATCCCCAATTCGATCC Kpn I
3457 Reverse AAAAAACTGCAG- TCAGTGCTGTTTTTTCATGCCGAA Pst I
137a 3458 Forward AAAAAAGAATTC-GGCCGCAAACACGGCATCGGCTTCCT Eco RI
3459 Reverse AAAAAACTGCAG- TTAAGCGGGATGACGCGGCAGCATACC Pst I
138 3460 Forward AAAAAAGAATTC-AACTCAGGCGAAGGAGTGCTTGTGGC Eco RI
3461 Reverse AAAAAATCTAGA- TCAGTTTAGGGATAGCAGGCGTAC Xba I
141 3462 Forward AAAGAATTC-ATGAGCTTCAAAACCGATGCCGAAATCGC Eco RI
3463 Reverse AAACTGCAG-TCAGAACAAGCCGTGAATCACGCC Pst I
142 3464 Forward CGCGGATCCCATATG-CGTGCCGATTTCATG BamHI -
Ndel
3465 Reverse CCCGCTCGAG-AAACTGCTGCACATGGG XhoI
143 3466 Forward AAAAAAGAATTC- Eco RI
ATGCTCAGTTTCGGCTTTCTCGGCGTTCAGAC
3467 Reverse AAAAAACTGCAG-TCAAACCCCGCCGTGTGTTTCTTTAAT Pst I
144 3468 Forward AAAAAAGAATTC-GGTCTGATCGACGGGCGTGCCGTAAC Eco RI
3469 Reverse AAAAAATCTAGA- TCGGCATCGGCCGGCATATGTCCG Xba I
146 3470 Forward AAAAADNGAATTC- Eco RI
CGCCAAGTCGTCATTGACCACGACAAAGTC
3471 Reverse AAAAAACTGCAG- TTAGGCATCGGCAAATAGGAAACTGGG Pst I
147 3472 Forward AAAAAAGAATTC-ACTGAGCAATCGGTGGATTTGGAAAC Eco RI
3473 Reverse AAAAAATCTAGA- TTAGGTAAAGCTGCGGCCCATTTGCGG Xba I
148 3474 Forward AAAAAAGAATTC- Eco RI
ATGGCGTTAAAAACATCAAACTTGGAACACGC
3475 Reverse AAAAAATCTAGA-TCAGCCCTTCATACAGCCTTCGTTTTG Xba I
149 3476 Forward CGCGGATCCCATATG-CTGCTTGACAACAAAGT BamHI -
Ndel
3477 Reverse CCCGCTCGAG-AAACTTCACGTTCACGCC XhoI
150 3478 Forward CGCGGATCCCATATG-CAGAACACAAATCCG BamHI -
Ndel
3479 Reverse CCCGCTCGAG-ATAAACATCACGCTGATAGC XhoI
151 3480 Forward AAAAAAGAATTC- Eco RI
ATGAAACAAATCCGCAACATCGCCATCATCGC
3481 Reverse AAAAAACTGCAG-TCAATCCAGCTTTTTAAAGTGGCGGCG Pst I
152 3482 Forward AAAAAAGAATTC- Eco RI
ATGAAAAACAAAACCARAGTCTGGGACCTCCC
3483 Reverse AAAAAACTGCAG- TCAGGACAGGAGCAGGATGGCGGC Pst I
153 3484 Forward AAAAAAGAATTC-ATGGCGTTTGCTTACGGTATGAC Eco RI
3485 Reverse AAAAAACTGCAG-TCAGTCATGTTTTTCCGTTTCATT Pst I
153a 3486 Forward AAAAAAGAATTC- CGGACTTCGGTATCGGTTCCCCAGCATTG Eco RI
3487 Reverse AAAAANCTGCAG- Pst I
TTACGCCGACGAAATACTCAGACTTTTCGG
154 3488 Forward CGCGGATCCCATATG-ACTGACAACAGCCC BamHI -

Ndel
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3489 Reverse CCCGCTCGAG-TCGGCTTCCTTTCGGG XhoI
155 3490 Forward AAAAAAGAATTC-ATGAAAATCGGTATCCCACGCGAGTC Eco RI
3491 Reverse AAAAAACTGCAG-TTACCCTTTCTTAAACATATTCAGCAT Pst I
156 3492 Forward AAAAAAGAATTC-GCACAGCAAAACGGTTTTGAAGC Eco RI
3493 Reverse AAAAAACTGCAG- TCAAGCAGCCGCGACAAACAGCCC Pst I
157 3494 Forward CGCGGATCCCATATG-AGGAACGAGGAAAAAC BamHI -
Ndel
3495 Reverse CCCGCTCGAG-AAAACACAATATCCCCGC XhoI
158 3496 Forward AAAAAAGAATTC-GCGGAGCAGTTGGCGATGGCAAATTCTGC Eco RI
3497 Reverse AAAAAATCTAGA- TTATCCACAGAGATTGTTTCCCAGTTC Xba I
160 3498 Forward CGCGGATCCCATATG-GACATTCTGGACAAAC BamHI -
Ndel
3499 Reverse CCCGCTCGAG-TTTTTGCCCGCCTTCTTT XhoI
163 3500 Forward AAAAAAGGTACC-ACCGTGCCGGATCAGGTGCAGATGTG Kpn I
3501 Reverse AAAAAATCTAGA-TTACTCTGCCAATTCCACCTGCTCGTG Xba I
163a 3502 Forward AAAAAAGAATTC- CGGCTGGTGCAGATAATGAGCCAGAC Eco RI
3503 Reverse AAAAAATCTAGA-TTACTCTGCCAATTCCACCTGCTCGTG Xba I
164 3504 Forward CGCGGATCCCATATG-AACCGGACTTATGCC BamHI -
Ndel
3505 Reverse CCCGCTCGAG-TTTGTTTCCGTCAAACTGC XhoI
165 3506 Forward CGCGGATCCGCTAGC-GCTGAAGCGACAGACG BamHI -
Nhel
3507 Reverse CCCGCTCGAG-AATATCCAATACTTTCGCG XhoI
206 3508 Forward CGCGGATCCCATATG-AAACACCGCCAACCGA BamHI -
Ndel
3509 Reverse CCCGCTCGAG-TTCTGTAAAAAAAGTATGTGC XhoI
209 3510 Forward CGCGGATCCCATATG-CTGCGGCATTTAGGA BamHI -
Ndel
3511 Reverse CCCGCTCGAG- TACCCCTGAAGGCAAC XhoI
211 3512 Forward AAAAAAGAATTC-ATGTTGCGGGTTGCTGCTGC Eco RI
3513 Reverse AAAAAACTGCAG-CTATCCTGCGGATTGGCATTGAAA Pst I
212 3514 Forward CGCGGATCCCATATG-GACAATCTCGTATGG BamHI -
Ndel
3515 Reverse CCCGCTCGAG-AGGGGTTAGATCCTTCC XhoI
215 3516 Forward CGCGGATCCCATATG-GCATGGTTGGGTCGT BamHI -
Ndel
3517 Reverse CCCGCTCGAG-CATATCTTTTGTATCATAAATC XhoI
216 3518 Forward CGCGGATCCCATATG-GCAATGGCAGAAAACG BamHI -
Ndel
3519 Reverse CCCGCTCGAG- TACAATCCGTGCCGCC XhoI
217 3520 Forward CGCGGATCCCATATG-GCGGATGACGGTGTG BamHI -
Ndel
3521 Reverse CCCGCTCGAG-ACCCCGAATATCGAATCC XhoI
218 3522 Forward CGCGGATCCCATATG-GTCGCGGTCGATC BamHI -
Ndel
3523 Reverse CCCGCTCGAG- TAACTCATAGAATCCTGC XhoI
219 3524 Forward CGCGGATCCGCTAGC-ACGGCAAGGTTAAG BamHI -
Nhel
3525 Reverse CCCGCTCGAG- TTTAAACCATCTCCTCAAAAC XhoI
223 3526 Forward CGCGGATCCCATATG-GAATTCAGGCACCAAGTA BamHI -
Ndel
3527 Reverse CCCGCTCGAG-GGCTTCCCGCGTGTC XhoI
225 3528 Forward CGCGGATCCCATATG-GACGAGTTGACCAACC BamHI -
Ndel
3529 Reverse CCCGCTCGAG-GTTCAGAAAGCGGGAC XhoI
226 3530 Forward AAAGAATTC-CTTGCGATTATCGTGCGCACGCG Eco RI
3531 Reverse AAACTGCAG-TCAAAATCCCAAAACGGGGAT Pst I
228 3532 Forward CGCGGATCCCATATG-TCGCAAGAAGCCAAACAG BamHI -
Ndel
3533 Reverse CCCGCTCGAG- TTTGGCGGCATCTTTCAT XhoI
229 3534 Forward CGCGGATCCCATATG-CAAGAGGTTTTGCCC BamHI -
Ndel
3535 Reverse CCCGCTCGAG-ACACAATATAGCGGATGAAC XhoI
230 3536 Forward CGCGGATCCCATATG-CATCCGGGTGCCGAC BamHI -
Ndel
3537 Reverse CCCGCTCGAG-AAGTTTGGCGGCTTCGG XhoI
232 3538 Forward AAAAAAGAATTC-ATGTACGCTAAAAAAGGCGGTTTGGG Eco RI
3539 Reverse AAAAAACTGCAG-TCAAGGTTTTTTCCTGATTGCCGCCGC Pst I
232a 3540 Forward AAAAAAGAATTC-GCCAAGGCTGCCGATACACARATTGA Eco RI
3541 Reverse AAAAAACTGCAG- TTAAACATTGTCGTTGCCGCCCAGATG Pst I
233 3542 Forward CGCGGATCCCATATG-GCGGACAAACCCAAG BamHI -
Ndel
3543 Reverse CCCGCTCGAG-GACGGCATTGAGCAG XhoI
234 3544 Forward CGCGGATCCCATATG-GCCGTTTCACTGACCG BamHI -

Ndel
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3545 Reverse GCCCAAGCTT-ACGGTTGGATTGCCATG Hind III
235 3546 Forward CGCGGATCCCATATG-GCCTGCCAAGTTCARAA BamHI -
Ndel
3547 Reverse CCCGCTCGAG-TTTGGGCTGCTCTTC XhoI
236 3548 Forward CGCGGATCCCATATG-GCGCGTTTCGCCTT BamHI -
Ndel
3549 Reverse CCCGCTCGAG-ATGGGTCGCGCGCCGT XhoI
238 3550 Forward CGCGGATCCGCTAGC-AACGGTTTGGATGCCCG BamHI -
Nhel
3551 Reverse CCCGCTCGAG-TTTGTCTAAGTTCCTGATATG XhoI
239 3552 Forward CCGGAATTCTACATATG- CTCCACCATAAAGGTATTG EcCoRI-
Ndel
3553 Reverse CCCGCTCGAG- TGGTGAAGAGCGGTTTAG XhoI
240 3554 Forward CGCGGATCCCATATG-GACGTTGGACGATTTC BamHI -
Ndel
3555 Reverse CCCGCTCGAG-AAACGCCATTACCCGATG XhoI
241 3556 Forward CCGGAATTCTACATATG- CCAACACGTCCAACT EcCoRI-
Ndel
3557 Reverse CCCGCTCGAG-GAATGCGCCTGTAATTAATC XhoI
242 3558 Forward CGCGGATCCCATATG-ATCGGCAAACTTGTTG BamHI -
Ndel
3559 Reverse GCCCAAGCTT-ACCGATACGGTCGCAG HindIII
243 3560 Forward CGCGGATCCCATATG-ACGATTTTTTCGATGCTGC BamHI -
Ndel
3561 Reverse CCCGCTCGAG-CGACTTGGTTACCGCG XhoI
244 3562 Forward CGCGGATCCCATATG-CCGTCTGAAGCCC BamHI -
Ndel
3563 Reverse CCCGCTCGAG-TTTTTTCGGTAGGGGATTT XhoI
246 3564 Forward CGCGGATCCCATATG-GACATCGGCAGTGC BamHI -
Ndel
3565 Reverse CCCGCTCGAG-CCCGCGCTGCTGGAG XhoI
247 3566 Forward CGCGGATCCCATATG-GTCGGATCGAGTTAC BamHI -
Ndel
3567 Reverse CCCGCTCGAG-AAGTGTTCTGTTTGCGCA XhoI
248 3568 Forward CGCGGATCCCATATG-CGCAAACAGAACACT BamHI -
Ndel
3569 Reverse CCCGCTCGAG-CTCATCATTATTGCTAACA XhoI
249 3570 Forward CGCGGATCCCATATG-AAGAATAATGATTGCTTC BamHI -
Ndel
3571 Reverse CCCGCTCGAG-TTCCCGACCTCCGAC XhoI
251 3572 Forward CGCGGATCCCATATG-CGTGCTGCGGTAGT BamHI -
Ndel
3573 Reverse CCCGCTCGAG- TACGAAAGCCGGTCGTG XhoI
253 3574 Forward AAAAAAGAATTC-ATGATTGACAGGAACCGTATGCTGCG Eco RI
3575 Reverse AAAAAACTGCAG-TTATTGGTCTTTCAAACGCCCTTCCTG Pst I
253a 3576 Forward AAAAAAGAATTC-AAAATCCTTTTGAAAACAAGCGAAAACGG Eco RI
3577 Reverse AAAAAACTGCAG-TTATTGGTCTTTCAAACGCCCTTCCTG Pst I
254 3578 Forward AAAAAAGAATTC-ATGTATACAGGCGAACGCTTCAATAC Eco RI
3579 Reverse AAAAAATCTAGA- TCAGATTACGTAACCGTACACGCTGAC Xba I
255 3580 Forward CGCGGATCCCATATG-GCCGCGTTGCGTTAC BamHI -
Ndel
3581 Reverse CCCGCTCGAG-ATCCGCAATACCGACCAG XhoI
256 3582 Forward CGCGGATCCGCTAGC-TTTTAACACCGCCGGAC BamHI -
Nhel
3583 Reverse CCCGCTCGAG-ACGCCTGTTTGTGCGG XhoI
257 3584 Forward CGCGGATCCCATATG-GCGGTTTCTTTCCTG BamHI -
Ndel
3585 Reverse CCCGCTCGAG-GCGCGTGAATATCGCG XhoI
258 3586 Forward AAAAAAGAATTC-GATTATTTCTGGTGGATTGTTGCGTTCAG Eco RI
3587 Reverse AAAAAACTGCAG-CTACGCATAAGTTTTTACCGTTTTTGG Pst I
258a 3588 Forward AAAAAAGAATTC-GCGAAGGCGGTGGCGCAAGGCGA Eco RI
3589 Reverse AAAAAACTGCAG-CTACGCATAAGTTTTTACCGTTTTTGG Pst I
259 3590 Forward CGCGGATCCCATATG-GAAGAGCTGCCTCCG BamHI -
Ndel
3591 Reverse CCCGCTCGAG-GGCTTTTCCGGCGTTT XhoI
260 3592 Forward CGCGGATCCCATATG-GGTGCGGGTATGGT BamHI -
Ndel
3593 Reverse CCCGCTCGAG-AACAGGGCGACACCCT XhoI
261 3594 Forward AAAAAAGAATTC- CAAGATACAGCTCGGGCATTCGC Eco RI
3595 Reverse AAAAAACTGCAG- TCAAACCAACAAGCCTTGGTCACT Pst I
263 3596 Forward CGCGGATCCCATATG-GCACGTTTAACCGTA BamHI -
Ndel
3597 Reverse CCCGCTCGAG-GGCGTAAGCCTGCAATT XhoI
264 3598 Forward AAAAAAGGTACC-GCCGACGCAGTGGTCAAGGCAGAA Kpn I
3599 Reverse AAACTGCAG-TCAGCCGGCGGTCAATACCGCCCG Pst I



US 9,266,929 B2
191

TABLE 7-continued

192

Oligonucleotides uged for PCR to amplif

complete or partial ORFs

Restriction
ORF SEQ ID primer Sequence sites
265 3600 Forward AAAAANGAATTC-GCGGAGGTCAAGAGAAGGTGTTTG Eco RI
3601 Reverse AAAAAACTGCAG- TTACGAATACGTCGTCAAAATGGG Pst I
266 3602 Forward AAAGAATTC-CTCATCTTTGCCAACGCCCCCTTC Eco RI
3603 Reverse AAACTGCAG-CTATTCCCTGTTGCGCGTGTGCCA Pst I
267 3604 Forward AAAGAATTC-TTCTTCCGATTCGATGTTAATCG Eco RI
3605 Reverse AAACTGCAG-TTAGTAAAAACCTTTCTGCTTGGC Pst I
269 3606 Forward AAAGAATTC-TGCAAACCTTGCGCCACGTGCCC Eco RI
3607 Reverse AAACTGCAG-TTACGAAGACCGCAACGAAAGGCAGAG Pst I
269%a 3608 Forward AAAAAAGAATTC-GACTTTATCCAAAACACGGCTTCGCC Eco RI
3609 Reverse AAACTGCAG-TTACGAAGACCGCAACGAAAGGCAGAG Pst I
270 3610 Forward AAAGAATTC-GCCGTCAAGCTCGTTTTGTTGCAATG Eco RI
3611 Reverse AAACTGCAG-TTATTCGGCGGTAAATGCCGTCTG Pst I
271 3612 Forward CGCGGATCCCATATG-CCTGTGTGCAGCTCGAC BamHI -
Ndel
3613 Reverse CCCGCTCGAG- TCCCAGCCCCGTGGAG XhoI
272 3614 Forward AAAGAATTC-ATGACCGCAAAGGAAGAACTGTTCGC Eco RI
3615 Reverse AAACTGCAG-TCAGAGCAGTTCCAAATCGGGGCT Pst I
273 3616 Forward AAAGAATTC-ATGAGTCTTCAGGCGGTATTTATATACCC Eco RI
3617 Reverse AAACTGCAG-TTACGCGTAAGAAAAAACTGC Pst I
274 3618 Forward CGCGGATCCCATATG-ACAGATTTGGTTACGGAC BamHI -
Ndel
3619 Reverse CCCGCTCGAG-TTTGCTTTCAGTATTATTGAA XhoI
276 3620 Forward AAAAADNGAATTC- Eco RI
ATGATTTTGCCGTCGTCCATCACGATGATGCG
3621 Reverse AAAAAACTGCAG-CTACACCACCATCGGCGAATTTATGGC Pst I
277 3622 Forward AAAAAAGAATTC-ATGCCCCGCTTTGAGGACAAGCTCGTAGG Eco RI
3623 Reverse AAAAAACTGCAG- TCATAAGCCATGCTTACCTTCCAACAA Pst I
277a 3624 Forward AAAAAAGAATTC-GGGGCGGCGGCTGGGTTGGACGTAGG Eco RI
3625 Reverse AAAAAACTGCAG- TCATAAGCCATGCTTACCTTCCAACAA Pst I
278 3626 Forward AAAAAAGGTACC-GTCAAAGTTGTATTAATCGGGCCTTTGCC Kpn I
3627 Reverse AAAAAACTGCAG-TCATTCAACCATATCAAATCTGCC Pst I
278a 3628 Forward AAAAAAGAATTC-AAAACTCTCCTAATTCGTCATAGTCG Eco RI
3629 Reverse AAAAAACTGCAG-TCATTCAACCATATCAAATCTGCC Pst I
279 3630 Forward CGCGGATCCCATATG-TTGCCTGCAATCACGATT BamHI -
Ndel
3631 Reverse CCCGCTCGAG- TTTAGAAGCGGGCGGCAA XhoI
280 3632 Forward AAAAAAGGTACC-GCCCCCCTGCCGGTTGTAACCAG Kpn I
3633 Reverse AAAAAACTGCAG-TTATTGCTTCATCGCGTTGGTCAAGGC Pst I
281 3634 Forward AAAAAAGAATTC-GCACCCGTCGGCGTATTCCTCGTCATGCG Eco RI
3635 Reverse AAAAAATCTAGA-GGTCAGAATGCCGCCTTCTTTGCCGAG Xba I
28la 3636 Forward AAAAAAGAATTC-TCCTACCACATCGAAATTCCTTCCGG Eco RI
3637 Reverse AAAAAATCTAGA-GGTCAGAATGCCGCCTTCTTTGCCGAG Xba I
282 3638 Forward AAAAAAGAATTC-CTTTACCTTGACCTGACCAACGGGCACAG Eco RI
3639 Reverse AAAAAACTGCAG- TCAACCTGCCAGTTGCGGGAATATCGT Pst I
283 3640 Forward CGCGGATCCCATATG-GCCGTCTTTACTTGGAAG BamHI -
Ndel
3641 Reverse CCCGCTCGAG-ACGGCAGTATTTGTTTACG XhoI
284 3642 Forward CGCGGATCCCATATG-TTTGCCTGCAAAAGAATCG BamHI -
Ndel
3643 Reverse CCCGCTCGAG-CCGACTTTGCAAAAACTG XhoI
286 3644 Forward CGCGGATCCCATATG-GCCGACCTTTCCGAARAA BamHI -
Ndel
3645 Reverse CCCGCTCGAG-GAAGCGCGTTCCCAAG XhoI
287 3646 Forward CCGGAATTCTAGCTAGC-CTTTCAGCCTGCGGG EcCoRI-
Nhel
3647 Reverse CCCGCTCGAG-ATCCTGCTCTTTTTTGCC XhoI
288 3648 Forward CGCGGATCCCATATG-CACACCGGACAGG BamHI -
Ndel
3649 Reverse CCCGCTCGAG- CGTATCAAAGACTTGCGT XhoI
290 3650 Forward CGCGGATCCCATATG-GCGGTTTGGGGCGGA BamHI -
Ndel
3651 Reverse CCCGCTCGAG- TCGGCGCGGCGGGET XhoI
292 3652 Forward CGCGGATCCCATATG-TGCGGGCAAACGCCC BamHI -
Ndel
3653 Reverse CCCGCTCGAG-TTGATTTTTGCGGATGATTT XhoI
294 3654 Forward AAAAAAGAATTC-GTCTGGTCGATTCGGGTTGT CAGAAC Eco RI
3655 Reverse AAAAAACTGCAG- TTACCAGCTGATATAAAACATCGCTTT Pst I
295 3656 Forward CGCGGATCCCATATG-AACCGGCCGGCCTCC BamHI -
Ndel
3657 Reverse CCCGCTCGAG-CGATATTTGATTCCGTTGC XhoI
297 3658 Forward AAAAAAGAATTC-GCATACATTGCTTCGACAGAGAG Eco RI
3659 Reverse AAAAAACTGCAG-TCAATCCGATTGCGACACGGT Pst I
298 3660 Forward AAAAAAGAATTC-CTGATTGCCGTGTGGTTCAGCCAARAACCC Eco RI
3661 Reverse AAAAAACTGCAG- TCATGGCTGTGTACTTGATGGTTGCGT Pst I
299 3662 Forward CGCGGATCCGCTAGC-CTACCTGTCGCCTCCG BamHI -
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Nhel
3663 Reverse CCCGCTCGAG- TTGCCTGATTGCAGCGG XhoI
302 3664 Forward AAAAAAGAATTC-ATGAGTCAAACCGATACGCAACG Eco RI
3665 Reverse AAAAAACTGCAG- TTAAGGTGCGGGATAGAATGTGGGCGC Pst I
305 3666 Forward AAAAAAGGTACC-GAATTTTTACCGATTTCCAGCACCGGA Kpn I
3667 Reverse AAAAAACTGCAG-TCATTCCCAACTTATCCAGCCTGACAG Pst I
305a 3668 Forward AAAAAAGGTACC-TCCCGTTCGGGCAGTACGATTATGGG Kpn I
3669 Reverse AAAAAACTGCAG- TTACAAACCGACATCATGCAGGGTGAA Pst I
306 3670 Forward CGCGGATCCCATATG-TTTATGAACAAATTTTCCC BamHI -
Ndel
3671 Reverse CCCGCTCGAG- CCGCATCGGCAGAC XhoI
308 3672 Forward CGCGGATCCCATATG-TTAAATCGGGTATTTTATC BamHI -
Ndel
3673 Reverse CCCGCTCGAG-ATCCGCCATTCCCTGC XhoI
311 3674 Forward AAAAAAGGTACC-ATGTTCAGTTTTGGCTGGGTGTTT Kpn I
3675 Reverse AAACTGCAG-ATGTTCATATTCCCTGCCTTCGGC Pst I
312 3676 Forward AAAAAAGGTACC-ATGAGTATCCCATCCGGCGARATT Kpn I
3677 Reverse AAACTGCAG-TCAGTTTTTCATCGATTGAACCGG Pst I
313 3678 Forward AAAAAAGAATTC-ATGGACGACCCGCGCACCTACGGATC Eco RI
3679 Reverse AAAAAACTGCAG- TCAGCGGCTGCCGCCGATTTTGCT Pst I
401 3680 Forward CGCGGATCCCATATG-AAGGCGGCAACACAGC BamHI -
Ndel
3681 Reverse CCCGCTCGAG-CCTTACGTTTTTCAAAGCC XhoI
402 3682 Forward AAAAAAGAATTC-GTGCCTCAGGCATTTTCATTTACCCTTGC Eco RI
3683 Reverse AAAAAATCTAGA-TTAAATCCCTCTGCCGTATTTGTATTC Xba I
402a 3684 Forward AAAAAAGAATTC-AGGCTGATTGAAAACAAACACGG Eco RI
3685 Reverse AAAAAATCTAGA-TTAAATCCCTCTGCCGTATTTGTATTC Xba I
406 3686 Forward CGCGGATCCCATATG-TGCGGGACACTGACAG BamHI -
Ndel
3687 Reverse CCCGCTCGAG-AGGTTGTCCTTGTCTATG XhoI
501 3688 Forward CGCGGATCCCATATG-GCAGGCGGAGATGGC BamHI -
Ndel
3689 Reverse CCCGCTCGAG-GGTGTGATGTTCACCC XhoI
502 3690 Forward CGCGGATCCCATATG-GTAGACGCGCTTAAGCA BamHI -
Ndel
3691 Reverse CCCGCTCGAG-AGCTGCATGGCGGCG XhoI
503 3692 Forward CGCGGATCCCATATG-TGTTCGGGGARAAGGCG BamHI -
Ndel
3693 Reverse CCCGCTCGAG-CCGCGCATTCCTCGCA XhoI
504 3694 Forward CGCGGATCCCATATG-AGCGATATTGAAGTGACG BamHI -
Ndel
3695 Reverse GCCCAAGCTT- TGATTCAAGTCCTTGCCG HindIII
505 3696 Forward CGCGGATCCCATATG-TTTCGTTTACAATTCAGG BamHI -
Ndel
3697 Reverse CCCGCTCGAG-CGGCGTTTTATAGCGG XhoI
510 3698 Forward CGCGGATCCCATATG-CCTTCGCGGACAC BamHI -
Ndel
3699 Reverse CCCGCTCGAG-GCGCACTGGCAGCG XhoI
512 3700 Forward CGCGGATCCCATATG-GGACATGAAGTAACGGT BamHI -
Ndel
3701 Reverse CCCGCTCGAG-AGGAATAGCCTTTGACG XhoI
515 3702 Forward CGCGGATCCCATATG-GAGGAAATAGCCTTCGA BamHI -
Ndel
3703 Reverse CCCGCTCGAG-AAATGCCGCAAAGCATC XhoI
516 3704 Forward CGCGGATCCCATATG-TGTACGTTGATGTTGTGG BamHI -
Ndel
3705 Reverse CCCGCTCGAG- TTTGCGGGCGGCATC XhoI
517 3706 Forward CGCGGATCCCATATG-GGTAAAGGTGTGGAAATA BamHI -
Ndel
3707 Reverse CCCGCTCGAG-GTGCGCCCAGCCGT XhoI
518 3708 Forward AAAGAATTC-GCTTTTTTACTGCTCCGACCGGAAGG Eco RI
3709 Reverse AAACTGCAG-TCAAATTTCAGACTCTGCCAC Pst I
519 3710 Forward CGCGGATCCCATATG-TTCAAATCCTTTGTCGTCA BamHI -
Ndel
3711 Reverse CCCGCTCGAG-TTTGGCGGTTTTGCTGC XhoI
520 3712 Forward CGCGGATCCCATATG-CCTGCGCTTCTTTCA BamHI -
Ndel
3713 Reverse CCCGCTCGAG-ATATTTACATTTCAGTCGGC XhoI
521 3714 Forward CGCGGATCCCATATG-GCCAAAATCTATACCTGC BamHI -
Ndel
3715 Reverse CCCGCTCGAG-CATACGCCCCAGTTCC XhoI
522 3716 Forward CGCGGATCCCATATG-ACTGAGCCGAAACAC BamHI -
Ndel
3717 Reverse GCCCAAGCTT-TTCTGATTTCAAATCGGCA HindIII
523 3718 Forward CGCGGATCCCATATG-GCTCTGCTTTCCGCG BamHI -
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Ndel
3719 Reverse CCCGCTCGAG-AGGGTGTGTGATAATAAGAAG XhoI
525 3720 Forward CGCGGATCCCATATG-GCCGAAATGGTTCAAATC BamHI -
Ndel
3721 Reverse CCCGCTCGAG-GCCCGTGCATATCATAAA XhoI
527 3722 Forward AAAGAATTC-TTCCCTCAATGTTGCCGTTTTCG Eco RI
3723 Reverse AAACTGCAG-TTATGCTAAACTCGAAACARATTC Pst I
529 3724 Forward CGCGGATCCGCTAGC-TGCTCCGGCAGCAAAAC BamHI -
Nhel
3725 Reverse GCCCAAGCTT-ACGCAGTTCGGAATGGAG HindIII
530 3726 Forward CGCGGATCCCATATG-AGTGCGAGCGCGG BamHI -
Ndel
3727 Reverse CCCGCTCGAG-ACGACCGACTGATTCCG XhoI
531 3728 Forward AAAAAAGAATTC- TATGCCGCCGCCTACCAAATCTACGG Eco RI
3729 Reverse AAAAAACTGCAG- TTAAAACAGCGCCGTGCCGACGACAAG Pst I
532 3730 Forward AAAAAAGAATTC-ATGAGCGGTCAGTTGGGCAAAGGTGC Eco RI
3731 Reverse AAAAAACTGCAG- TCAGTGTTCCAAGTGGTCGGTATCAAA Pst I
532a 3732 Forward AAAAAAGAATTC- TTGGGTGTCGCGTTTGAGCCGGAAGT Eco RI
3733 Reverse AAAAAACTGCAG-TCAGTGTTCCAAGTGGTCGGTATCAAA Pst I
535 3734 Forward AAAGAATTC-ATGCCCTTTCCCGTTTTCAGAC Eco RI
3735 Reverse AAACTGCAG-TCAGACGACCCCGCCTTCCCC Pst I
537 3736 Forward CGCGGATCCCATATG-CATACCCAAAACCAATCC BamHI -
Ndel
3737 Reverse CCCGCTCGAG-ATCCTGCAAATAAAGGGTT XhoI
538 3738 Forward CGCGGATCCCATATG-GTCGAGCTGGTCAAAGC BamHI -
Ndel
3739 Reverse CCCGCTCGAG- TGGCATTTCGGTTTCGTC XhoI
539 3740 Forward CGCGGATCCGCTAGC-GAGGATTTGCAGGARAA BamHI -
Nhel
3741 Reverse CCCGCTCGAG- TACCAATGTCGGCAAATC XhoI
542 3742 Forward AAAGAATTC-ATGCCGTCTGAAACCGTGTC Eco RI
3743 Reverse AAACTGCAG-TTACCGCGAACCGGTCAGGAT Pst I
543 3744 Forward AAAAAAGAATTC-GCCTTCGATGGCGACGTTGTAGGTAC Eco RI
3745 Reverse AAAAAATCTAGA- Xba I
TTAATGAAGAAGAACATATTGGAATTTTGG
543a 3746 Forward AAAAAAGAATTC-GGCAAAACTCGTCATGAATTTGC Eco RI
3747 Reverse AAAAAATCTAGA- Xba I
TTAATGAAGAAGAACATATTGGAATTTTGG
544 3748 Forward AAAGAATTC-GCGCCCGCCTTCTCCCTGCCCGACCTGCACGG Eco RI
3749 Reverse AAACTGCAG-CTATTGCGCCACGCGCGTATCGAT Pst I
544a 3750 Forward AAAAAAGAATTC- Eco RI
GCAAATGACTATAAAAACAAAAACTTCCAAGTACTTGC
3751 Reverse AAACTGCAG-CTATTGCGCCACGCGCGTATCGAT Pst I
547 3752 Forward AAAGAATTC-ATGTTCGTAGATAACGGATTTAATAAAAC Eco RI
3753 Reverse AAACTGCAG-TTAACAACAAAAAACAAACCGCTT Pst I
548 3754 Forward AAAGAATTC-GCCTGCAAACCTCAAGACAACAGTGCGGC Eco RI
3755 Reverse AAACTGCAG-TCAGAGCAGGGTCCTTACATCGGC Pst I
550 3756 Forward AAAAANGTCGAC- Sal I
ATGATAACGGACAGGTTTCATCTCTTTCATTTTCC
3757 Reverse AAACTGCAG-TTACGCAAACGCTGCAAAATCCCC Pst I
550a 3758 Forward AAAAAAGAATTC-GTAAATCACGCCTTTGGAGTCGCAAACGG Eco RI
3759 Reverse AAACTGCAG-TTACGCAAACGCTGCAAAATCCCC Pst I
552 3760 Forward AAAAAAGAATTC- TTGGCGCGTTGGCTGGATAC Eco RI
3761 Reverse AAACTGCAG-TTATTTCTGATGCCTTTTCCCAAC Pst I
554 3762 Forward CGCGGATCCCATATG-TCGCCCGCGCCCAALC BamHI -
Ndel
3763 Reverse CCCGCTCGAG-CTGCCCTGTCAGACAC XhoI
556 3764 Forward AAAGAATTC-GCGGGCGGTTTTGTTTGGACATCCCG Eco RI
3765 Reverse AAACTGCAG-TTAACGGTGCGGACGTTTCTGACC Pst I
557 3766 Forward CGCGGATCCCATATG-TGCGGTTTCCACCTGAA BamHI -
Ndel
3767 Reverse CCCGCTCGAG-TTCCGCCTTCAGAAAGG XhoI
558 3768 Forward AAAGAATTC-GAGCTTTATATGTTTCAACAGGGGACGGC Eco RI
3769 Reverse AAACTGCAG-CTAAACAATGCCGTCTGAAAGTGGAGA Pst I
558a 3770 Forward AAAAAAGAATTC-ATTAGATTCTATCGCCATAAACAGACGGG Eco RI
3771 Reverse AAAAAACTGCAG-CTAAACAATGCCGTCTGAAAGTGGAGA Pst I
560 3772 Forward AAAAAAGAATTC- Eco RI
TCGCCTTTCCGGGACGGGGCGCACAAGATGGC
3773 Reverse AAAAAACTGCAG- TCATGCGGTTTCAGACGGCATTTTGGC Pst I
561 3774 Forward CCGGAATTCTACATATG-ATACTGCCAGCCCGT EcCoRI-
Ndel
3775 Reverse CCCGCTCGAG-TTTCAAGCTTTCTTCAGATG XhoI
562 3776 Forward CGCGGATCCCATATG-GCAAGCCCGTCGAG BamHI -
Ndel
3777 Reverse CCCGCTCGAG-AGACCAACTCCAACTCGT XhoI



US 9,266,929 B2
197

TABLE 7-continued

198

Oligonucleotides uged for PCR to amplif

complete or partial ORFs

Restriction
ORF SEQ ID primer Sequence sites
565 3778 Forward CGCGGATCCCATATG-AAGTCGAGCGCGARATAC BamHI -
Ndel
3779 Reverse CCCGCTCGAG-GGCATTGATCGGCGGC XhoI
566 3780 Forward CGCGGATCCCATATG-GTCGGTGGCGAAGAGG BamHI -
Ndel
3781 Reverse CCCGCTCGAG- CGCATGGGCGAAGTCA XhoI
567 3782 Forward CCGGAATTCTACATATG-AGTGCGAACATCCTTG EcCoRI-
Ndel
3783 Reverse CCCGCTCGAG-TTTCCCCGACACCCTCG XhoI
568 3784 Forward CGCGGATCCCATATG-CTCAGGGTCAGACC BamHI -
Ndel
3785 Reverse CCCGCTCGAG-CGGCGCGGCGTTCAG XhoI
569 3786 Forward AAAAAAGAATTC-CTGATTGCCTTGTGGGAATATGCCCG Eco RI
3787 Reverse AAAAAACTGCAG- TTATGCATAGACGCTGATAACGGCAAT Pst I
570 3788 Forward CGCGGATCCCATATG-GACACCTTCCAAAAAATCG BamHI -
Ndel
3789 Reverse CCCGCTCGAG-GCGGGCGTTCATTTCTTT XhoI
571 3790 Forward AAAAADNGAATTC- Eco RI
ATGGGTATTGCCGGCGCCGTAAATGTTTTGAACCC
3791 Reverse AAAAAACTGCAG- TTATGGCCGACGCGCGGCTACCTGACG Pst I
572 3792 Forward CGCGGATCCCATATG-GCGCAAAAAGGCARAACC BamHI -
Ndel
3793 Reverse CCCGCTCGAG-GCGCAGTGTGCCGATA XhoI
573 3794 Forward CGCGGATCCCATATG-CCCTGTTTGTGCCG BamHI -
Ndel
3795 Reverse CCCGCTCGAG-GACGGTGTCATTTCGCC XhoI
574 3796 Forward CGCGGATCCCATATG-TGGTTTGCCGCCCGC BamHI -
Ndel
3797 Reverse CCCGCTCGAG-AACTTCGATTTTATTCGGG XhoI
575 3798 Forward CGCGGATCCCATATG-GTTTCGGGCGAGG BamHI -
Ndel
3799 Reverse CCCGCTCGAG-CATTCCGAATCTGAACAG XhoI
576 3800 Forward CGCGGATCCCATATG-GCCGCCCCCGCATCT BamHI -
Ndel
3801 Reverse CCCGCTCGAG-ATTTACTTTTTTGATGTCGAC XhoI
577 3802 Forward CGCGGATCCCATATG-GAAAGGAACGGTGTATTT BamHI -
Ndel
3803 Reverse CCCGCTCGAG-AGGCTGTTTGGTAGATTCG XhoI
578 3804 Forward CGCGGATCCCATATG-AGAAGGTTCGTACAG BamHI -
Ndel
3805 Reverse CCCGCTCGAG-GCCAACGCCTCCACG XhoI
579 3806 Forward CGCGGATCCCATATG-AGATTGGGCGTTTCCAC BamHI -
Ndel
3807 Reverse CCCGCTCGAG-AGAATTGATGATGTGTATGT XhoI
580 3808 Forward CGCGGATCCCATATG-AGGCAGACTTCGCCGA BamHI -
Ndel
3809 Reverse CCCGCTCGAG-CACTTCCCCCGARAGTG XhoI
581 3810 Forward CGCGGATCCCATATG-CACTTCGCCCAGC BamHI -
Ndel
3811 Reverse CCCGCTCGAG-CGCCGTTTGGCTTTGG XhoI
582 3812 Forward AAAAAAGAATTC- TTTGGAGAGACCGCGCTGCAATGCGC Eco RI
3813 Reverse AAAAAATCTAGA- TCAGATGCCGTCCCAGTCGTTGAA Xba I
583 3814 Forward AAAAAAGAATTC-ACTGCCGGCAATCGACTGCATAATCG Eco RI
3815 Reverse AAAAAACTGCAG- TTAACGGAGGTCAATATGATGAAATTG Pst I
584 3816 Forward AAAAAAGAATTC- Eco RI
GCGGCTGAAGCATTGAATTACAATATTGTC
3817 Reverse AAAAAACTGCAG- TCAGAACTGAACCGTCCCATTGACGCT Pst I
585 3818 Forward AAAAAAGGTACC-TCTTTCTGGCTGGTGCAGAACACCCTTGC Eco RI
3819 Reverse AAAAAACTGCAG-TCAGTTCGCACTTTTTTCTGTTTTGGA Pst I
586 3820 Forward CGCGGATCCCATATG-GCAGCCCATCTCG BamHI -
Ndel
3821 Reverse CCCGCTCGAG- TTTCAGCGAATCAAGTTTC XhoI
587 3822 Forward CGCGGATCCCATATG-GACCTGCCCTTGACGA BamHI -
Ndel
3823 Reverse CCCGCTCGAG-AAATGTATGCTGTACGCC XhoI
588 3824 Forward AAAAAAGAATTC-GCCGTCCTGACTTCCTATCAAGAACCAGG Eco RI
3825 Reverse AAAAAACTGCAG-TTATTTGTTTTTGGGCAGTTTCACTTC Pst I
589 3826 Forward AAAAADNGAATTC- Eco RI
ATGCAACAAAAAATCCGTTTCCAAATCGAAGG
3827 Reverse AAAAAACTGCAG-CTAATCGATTTTTACCCGTTTCAGGCG Pst I
590 3828 Forward AAAAAAGAATTC-ATGAAAAAACCTTTGATTTCAGTTGCGGC Eco RI
3829 Reverse AAAAAACTGCAG- TTACTGCTGCGGCTCTGAAACCAT Pst I
591 3830 Forward AAAAAAGAATTC-CACTACATCGTTGCCAGATTGTGCGG Eco RI
3831 Reverse AAAAAACTGCAG- CTAACCGAGCAGCCGGGTAACGTCGTT Pst I
592a 3832 Forward AAAAAAGAATTC- CGCGATTACACCGCCAAGCTGAAAATGGG Eco RI
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3833 Reverse AAAAAACTGCAG- TTACCAAACGTCGGATTTGATACG Pst I
593 3834 Forward CGCGGATCCGCTAGC-CTTGAACTGAACGGACTC BamHI -
Nhel
3835 Reverse CCCGCTCGAG-GCGGAAGCGGACGATT XhoI
594a 3836 Forward AAAAAAGAATTC-GGTAAGTTCGCCGTTCAGGCCTTTCA Eco RI
3837 Reverse AAAAAACTGCAG- TTACGCCGCCGTTTCCTGACACTCGCG Pst I
595 3838 Forward AAAAAAGAATTC- TGCCAGCCGCCGGAGGCGGAGAAAGC Eco RI
3839 Reverse AAAAAACTGCAG- TTATTTCAAGCCGAGTATGCCGCG Pst I
596 3840 Forward CGCGGATCCCATATG-TCCCAACAATACGTC BamHI -
Ndel
3841 Reverse CCCGCTCGAG-ACGCGTTACCGGTTTGT XhoI
597 3842 Forward CGCGGATCCCATATG-CTGCTTCATGTCAGC BamHI -
Ndel
3843 Reverse GCCCAAGCTT-ACGTATCCAGCTCGAAG HindIII
601 3844 Forward CGCGGATCCCATATG-ATATGTTCCCAACCGGCAAT BamHI -
Ndel
3845 Reverse CCCGCTCGAG-AAAACAATCCTCAGGCAC XhoI
602 3846 Forward CGCGGATCCGCTAGC-TTGCTCCATCAATGC BamHI -
Nhel
3847 Reverse CCCGCTCGAG-ATGCAGCTGCTAAAAGCG XhoI
603 3848 Forward AAAAAAGAATTC-CTGTCCTCGCGTAGGCGGGGACGGGG Eco RI
3849 Reverse AAAAAACTGCAG- CTACAAGATGCCGGCAAGTTCGGC Pst I
604 3850 Forward CGCGGATCCGCTAGC-CCCGAAGCGCACTT BamHI -
Nhel
3851 Reverse CCCGCTCGAG-GACGGCATCTGCACGG XhoI
606a 3852 Forward AAAAAAGAATTC- CGCGAATACCGCGCCGATGCGGGCGT Eco RI
3853 Reverse AAAAAACTGCAG- TTAAAGCGATTTGAGGCGGGCGATACG Pst I
607 3854 Forward AAAAAAGAATTC-ATGCTGCTCGACCTCAACCGCTTTTC Eco RI
3855 Reverse AAAAAACTGCAG- TCAGACGGCCTTATGCGATCTGAC Pst I
608 3856 Forward AAAAAAGAATTC-ATGTCCGCCCTCCTCCCCATCATCAACCG Eco RI
3857 Reverse AAAAAACTGCAG- TTAGTCTATCCAAATGTCGCGTTC Pst I
609 3858 Forward CGCGGATCCCATATG-GTTGTGGATAGACTCG BamHI -
Ndel
3859 Reverse CCCGCTCGAG-CTGGATTATGATGTCTGTC XhoI
610 3860 Forward CGCGGATCCCATATG-ATTGGAGGGCTTATGCA BamHI -
Ndel
3861 Reverse CCCGCTCGAG-ACGCTTCAACATCTTTGCC XhoI
611 3862 Forward CGCGGATCCCATATG-CCGTCTCAAAACGGG BamHI -
Ndel
3863 Reverse CCCGCTCGAG-AACGACTTTGAACGCGCAA XhoI
613 3864 Forward CGCGGATCCCATATG-TCGCGTTCGAGCCG3 BamHI -
Ndel
3865 Reverse CCCGCTCGAG-AGCCTGTAAAATAAGCGGC XhoI
614 3866 Forward CGCGGATCCCATATG-TCCGTCGTGAGCGGC BamHI -
Ndel
3867 Reverse CCCGCTCGAG-CCATACTGCGGCGTTC XhoI
616 3868 Forward AAAAAAGAATTC-ATGTCAAACACAATCAAAATGGTTGTCGG Eco RI
3869 Reverse AAAAAATCTAGA- TTAGTCCGGGCGGCAGGCAGCTCG Xba I
619a 3870 Forward AAAAAAGAATTC-GGGCTTCTCGCCGCCTCGCTTGC Eco RI
3871 Reverse AAAAAACTGCAG-TCATTTTTTGTGTTTTAAAACGAGATA Pst I
622 3872 Forward CGCGGATCCCATATG-GCCGCCCTGCCTAAAG BamHI -
Ndel
3873 Reverse CCCGCTCGAG-TTTGTCCAAATGATARATCTG XhoI
624 3874 Forward CGCGGATCCCATATG-TCCCCGCGCTTTTACCG BamHI -
Ndel
3875 Reverse CCCGCTCGAG-AGATTCGGGCCTGCGC XhoI
625 3876 Forward CGCGGATCCCATATG-TTTGCAACCAGGAAAATG BamHI -
Ndel
3877 Reverse CCCGCTCGAG- CGGCAAAATTACCGCCTT XhoI
627a 3878 Forward AAAAAAGAATTC - AAAGCAGGCGAGGCAGGCGCGCTGGG Eco RI
3879 Reverse AAAAANCTGCAG- Pst I
TTACGAATGAAACAGGGTACCCGTCATCAAGGC
628 3880 Forward AAAAAAGGTACC-GCCTTACAAACATGGATTTTGCGTTC Kpn I
3881 Reverse AAAAAACTGCAG- CTACGCACCTGAAGCGCTGGCAAA Pst I
629a 3882 Forward AAAAAAGAATTC-GCCACCTTTATCGCGTATGAAAACGA Eco RI
3883 Reverse AAAAAACTGCAG- TTACAACACCGCCGTCCGGTTCAAACC Pst I
630a 3884 Forward AAAAAAGAATTC-GCGGCTTTGGGTATTTCTTTCGG Eco RI
3885 Reverse AAAAAACTGCAG- TTAGGAGACTTCGCCAATGGAGCCGGG Pst I
635 3886 Forward AAAAADNGAATTC- Eco RI
ATGACCCAGCGACGGGTCGGCAAGCAAAACCG
3887 Reverse AAAAAACTGCAG- TTAATCCACTATAATCCTGTTGCT Pst I
638 3888 Forward AAAAAAGAATTC-ATGATTGGCGAAAAGTTTATCGTAGTTGG Eco RI
3889 Reverse AAAAAACTGCAG- TCACGAACCGATTATGCTGATCGG Pst I
639 3890 Forward CGCGGATCCCATATG-ATGCTTTATTTTGTTCG BamHI -

Ndel
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3891 Reverse CCCGCTCGAG-ATCGCGGCTGCCGAC XhoI
642 3892 Forward CGCGGATCCCATATG-CGGTATCCGCCGCAAT BamHI -
Ndel
3893 Reverse CCCGCTCGAG-AGGATTGCGGGGCATTA XhoI
643 3894 Forward CGCGGATCCCATATG-GCTTCGCCGTCGGCAG BamHI -
Ndel
3895 Reverse CCCGCTCGAG-AACCGAAAAACAGACCGC XhoI
644 3896 Forward AAAAAAGAATTC- Eco RI
ATGCCGTCTGAAAGGTCGGCGGATTGTTGCCC
3897 Reverse AAAAAATCTAGA-CTACCCGCAATATCGGCAGTCCAATAT Pst I
645 3898 Forward AAAAAAGAATTC-GTGGAACAGAGCAACACGTTAAATCG Eco RI
3899 Reverse AAAAAACTGCAG- CTACGAGGAAACCGAAGACCAGGCCGC Pst I
647 3900 Forward AAAAAAGAATTC-ATGCAAAGGCTCGCCGCAGACGG Eco RI
3901 Reverse AAAAAACTGCAG- TTAGATTATCAGGGATATCCGGTAGAA Pst I
648 3902 Forward AAAAADNGAATTC- Eco RI
ATGAACAGGCGCGACGCGCGGATCGAACG
3903 Reverse AAAAAACTGCAG- TCAAGCTGTGTGCTGATTGAATGCGAC Pst I
649 3904 Forward AAAAAAGAATTC-GGTACGTCAGAACCCGCCCACCG Eco RI
3905 Reverse AAAAAACTGCAG- TTAACGGCGGAAACTGCCGCCGTC Pst I
650 3906 Forward AAAAAAGAATTC-ATGTCCAAACTCAAAACCATCGC Eco RI
3907 Reverse AAAAAACTGCAG- TCAGACGGCATGGCGGTCTGTTTT Pst I
652 3908 Forward AAAAANGGTACC- Kpn I
GCTGCCGAAGACTCAGGCCTGCCGCTTTACCG
3909 Reverse AAAAAACTGCAG- TTATTTGCCCAGTTGGTAGAATGCGGC Pst I
653 3910 Forward AAAAAAGAATTC-GCGGCTTTGCCGGTAATTTTCATCGG Eco RI
3911 Reverse AAAAAACTGCAG-CTATGCCGGTCTGGTTGCCGGCGGCGA Pst I
656a 3912 Forward AAAAAAGAATTC- CGGCCGACGTCGTTGCGTCCTAAGTC Eco RI
3913 Reverse AAAAAACTGCAG-CTACGATTTCGGCGATTTCCACATCGT Pst I
657 3914 Forward AAAAAAGAATTC-GCAGAATTTGCCGACCGCCATTTGTGCGC Eco RI
3915 Reverse AAAAAACTGCAG- TTATAGGGACTGATGCAGTTTTTTTGC Pst I
658 3916 Forward CGCGGATCCCATATG-GTGTCCGGAATTGTG BamHI -
Ndel
3917 Reverse CCCGCTCGAG-GGCAGAATGTTTACCGTT XhoI
661 3918 Forward AAAAADNGAATTC- Eco RI
ATGCACATCGGCGGCTATTTTATCGACAACCC
3919 Reverse AAAAAACTGCAG- TCACGACGTGTCTGTTCGCCGTCGGGTC Pst I
663 3920 Forward CGCGGATCCCATATG-TGTATCGAGATGAAATT BamHI -
Ndel
3921 Reverse CCCGCTCGAG-GTAAAAATCGGGGCTGC XhoI
664 3922 Forward CGCGGATCCCATATG-GCGGCTGGCGCGGET BamHI -
Ndel
3923 Reverse CCCGCTCGAG-AAATCGAGTTTTACACCAC XhoI
665 3924 Forward AAAAAAGAATTC-ATGAAATGGGACGAAACGCGCTTCGG Eco RI
3925 Reverse AAAAAACTGCAG-TCAATCCAAAATTTTGCCGACGATTTC Pst I
666 3926 Forward AAAAAAGAATTC-AACTCAGGCGAAGGAGTGCTTGTGGC Eco RI
3927 Reverse AAAAAATCTAGA- TCAGTTTAGGGATAGCAGGCGTAC Xba I
667 3928 Forward AAAAAAGAATTC- Eco RI
CCGCATCCGTTTGATTTCCATTTCGTATTCGTCCG
3929 Reverse AAAAAACTGCAG- TTAATGACACAATAGGCGCAAGTC Pst I
669 3930 Forward AAAAAAGAATTC-ATGCGCCGCATCATTAAAAAACACCAGCC Eco RI
3931 Reverse AAAAAACTGCAG- TTACAGTATCCGTTTGATGTCGGC Pst I
670a 3932 Forward AAAAAAGAATTC-AAAAACGCTTCGGGCGTTTCGTCTTC Eco RI
3933 Reverse AAAAANCTGCAG- Pst I
TTAGGAGCTTTTGGAACGCGTCGGACTGGC
671 3934 Forward CGCGGATCCCATATG-ACCAGCAGGGTAAC BamHI -
Ndel
3935 Reverse CCCGCTCGAG-AGCAACTATAAAAACGCAAG XhoI
672 3936 Forward CGCGGATCCCATATG-AGGAAAATCCGCACC BamHI -
Ndel
3937 Reverse CCCGCTCGAG-ACGGGATAGGCGGTTG XhoI
673 3938 Forward AAAAAAGAATTC-ATGGATATTGAAACCTTCCTTGCAGG Eco RI
3939 Reverse AAAAAACTGCAG-CTACAAACCCAGCTCGCGCAGGAA Pst I
674 3940 Forward AAAAAAGAATTC-ATGAAAACAGCCCGCCGCCGTTCCCG Eco RI
3941 Reverse AAAAAACTGCAG- TCAACGGCGTTTGGGCTCGTCGGG Pst I
675 3942 Forward CGCGGATCCCATATG-AACACCATCGCCCC BamHI -
Ndel
3943 Reverse CCCGCTCGAG-TTCTTCGTCTTCAAACTGT XhoI
677a 3944 Forward AAAAAAGAATTC-AGACGGCATTCCCGATCAGTCGATTTTGA Eco RI
3945 Reverse AAAAAACTGCAG- TTACGTATGCGCGAAATCGACCGCCGC Pst I
680 3946 Forward CGCGGATCCGCTAGC-ACGAAGGGCAGTTCGG BamHI -
Nhel
3947 Reverse CCCGCTCGAG-CATCAAARACCTGCCGC XhoI
681 3948 Forward AAAAAAGAATTC-ATGACGACGCCGATGGCAATCAGTGC Eco RI
3949 Reverse AAAAAACTGCAG-TTACCGTCTTCCGCAAAAAACAGC Pst I
683 3950 Forward CGCGGATCCCATATG-TGCAGCACACCGGACAA BamHI -
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Ndel
3951 Reverse CCCGCTCGAG-GAGTTTTTTTCCGCATACG XhoI
684 3952 Forward CGCGGATCCCATATG-TGCGGTACTGTGCAAAG BamHI -
Ndel
3953 Reverse CCCGCTCGAG-CTCGACCATCTGTTGCG XhoI
685 3954 Forward CGCGGATCCCATATG-TGTTTGCTTAATAATAAACATT BamHI -
Ndel
3955 Reverse CCCGCTCGAG-CTTTTTCCCCGCCGCA XhoI
686 3956 Forward CGCGGATCCCATATG-TGCGGCGGTTCGGAAG BamHI -
Ndel
3957 Reverse CCCGCTCGAG-CATTCCGATTCTGATGAAG XhoI
687 3958 Forward CGCGGATCCCATATG-TGCGACAGCAAAGTCCA BamHI -
Ndel
3959 Reverse CCCGCTCGAG-CTGCGCGGCTTTTTGTT XhoI
690 3960 Forward CGCGGATCCCATATG-TGTTCTCCGAGCARAGAC BamHI -
Ndel
3961 Reverse CCCGCTCGAG-TATTCGCCCCGTGTTTGG XhoI
691 3962 Forward CGCGGATCCCATATG-GCCACGGCTTATATCCC BamHI -
Ndel
3963 Reverse CCCGCTCGAG- TTTGAGGCAGGAAGAAAG XhoI
694 3964 Forward CGCGGATCCCATATG-TTGGTTTCCGCATCCGG BamHI -
Ndel
3965 Reverse CCCGCTCGAG-TCTGCGTCGGTGCGGT XhoI
695 3966 Forward CGCGGATCCCATATG-TTGCCTCAAACTCGTCCG BamHI -
Ndel
3967 Reverse CCCGCTCGAG-TCGTTTGCGCACGGCT XhoI
696 3968 Forward CGCGGATCCCATATG-TTGGGTTGCCGGCAGG BamHI -
Ndel
3969 Reverse CCCGCTCGAG- TTGATTGCCGCAATGATG XhoI
700a 3970 Forward AAAAAAGAATTC-GCATCGACAGACGGTGTGTCGTGGAC Eco RI
3971 Reverse AAAAAACTGCAG- TTACGCTACCGGCACGACTTCCAAACC Pst I
701 3972 Forward CGCGGATCCCATATG-AAGACTTGTTTGGATACTTC BamHI -
Ndel
3973 Reverse CCCGCTCGAG- TGCCGACAACAGCCTC XhoI
702 3974 Forward AAAAAAGAATTC-ATGCCGTGTTCCAAAGCCAGTTGGATTTC Eco RI
3975 Reverse AAAAAACTGCAG-TTAACCCCATTCCACCCGGAGAACCGA Pst I
703 3976 Forward CGCGGATCCGCTAGC-CAAACGCTGGCAACCG BamHI -
Nhel
3977 Reverse CCCGCTCGAG-TTTTGCAGGTTTGATGTTTG XhoI
704a 3978 Forward AAAAAAGAATTC-GCTTCTACCGGTACGCTGGCGCG Eco RI
3979 Reverse AAAAANCTGCAG- Pst I
TTAGTTTTGCCGGATAATATGGCGGGTGCG
707 3980 Forward CGCGGATCCGCTAGC-GAAATTATTAACGATGCAGA BamHI -
Nhel
3981 Reverse CCCGCTCGAG-GAAACTGTAATTCAAGTTGA XhoI
708 3982 Forward CGCGGATCCGCTAGC-CCTTTTAAGCCATCCAAAR BamHI -
Nhel
3983 Reverse CCCGCTCGAG- TTGACCGGTGAGGACG XhoI
710 3984 Forward CGCGGATCCCATATG-GAAACCCACGAAARAAATC BamHI -
Ndel
3985 Reverse CCCGCTCGAG-AACGGTTTCGGTCAG XhoI
714 3986 Forward CGCGGATCCCATATG-AGCTATCAAGACATCTT BamHI -
Ndel
3987 Reverse CCCGCTCGAG- GCGGTAGGTAAATCGGAT XhoI
716 3988 Forward CGCGGATCCCATATG-GCCAACAAACCGGCAAG BamHI -
Ndel
3989 Reverse CCCGCTCGAG- TTTAGAACCGCATTTGCC XhoI
718 3990 Forward CGCGGATCCCATATG-GAGCCGATAATGGCAAA BamHI -
Ndel
3991 Reverse CCCGCTCGAG-GGCGCGGGCATGGTCTTGTCC XhoI
720 3992 Forward CGCGGATCCCATATG-AGCGGATGGCATACC BamHI -
Ndel
3993 Reverse CCCGCTCGAG-TTTTGCATAGCTGTTGACCA XhoI
723 3994 Forward CGCGGATCCCATATG-CGACCCAAGCCCC BamHI -
Ndel
3995 Reverse CCCGCTCGAG-AATGCGAATCCGCCGCC XhoI
725 3996 Forward CGCGGATCCCATATG-GTGCGCACGGTTAAA BamHI -
Ndel
3997 Reverse CCCGCTCGAG-TTGCTTATCCTTAAGGGTTA XhoI
726 3998 Forward CGCGGATCCCATATG-ACCATCTATTTCAAAAAC BamHI -
Ndel
3999 Reverse CCCGCTCGAG-GCCGATGTTTAGCGTCC XhoI
728 4000 Forward CGCGGATCCCATATG-TTTTGGCTGGGAACGGG BamHI -
Ndel
4001 Reverse CCCGCTCGAG-GTGAGAAAGGTCGCGC XhoI
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729 4002 Forward CGCGGATCCCATATG-TGCACCATGATTCCCCA BamHI -
Ndel
4003 Reverse GCCCAAGCTT-TTTGTCGGTTTGGGTATC HindIII
731 4004 Forward CGCGGATCCGCTAGC -GCCGTGCCGGAGG BamHI -
Nhel
4005 Reverse CCCGCTCGAG-ACGGGCGCGGCAG XhoI
732 4006 Forward CCGGAATTCTACATATG- TCGAAACCTGTTTTTAAGAA EcCoRI-
Ndel
4007 Reverse CCCGCTCGAG-CTTCTTATCTTTTTTATCTTTC XhoI
733 4008 Forward CGCGGATCCCATATG-GCCTGCGGCGGCAA BamHI -
Ndel
4009 Reverse CCCGCTCGAG-TCGCTTGCCTCCTTTAC XhoI
734 4010 Forward CGCGGATCCCATATG-GCCGATACTTACGGCTAT BamHI -
Ndel
4011 Reverse CCCGCTCGAG- TTTGAGATTTTGAATCAAAGAG XhoI
735 4012 Forward CGCGGATCCCATATG-AAGCAGCAGGCGGTCA BamHI -
Ndel
4013 Reverse CCCGCTCGAG-ATTTCCGTAGCCGAGGG XhoI
737 4014 Forward CGCGGATCCCATATG-CACCACGACGGACACG BamHI -
Ndel
4015 Reverse CCCGCTCGAG-GTCGTCGCGGCGGGA XhoI
739 4016 Forward CGCGGATCCCATATG-GCAAAAAAACCGAACA BamHI -
Ndel
4017 Reverse CCCGCTCGAG-GAAGAGTTTGTCGAGAATT XhoI
740 4018 Forward CGCGGATCCCATATG-GCCAATCCGCCCGAAG BamHI -
Ndel
4019 Reverse CCCGCTCGAG-AAACGCGCCAARAATAGTG XhoI
741 4020 Forward CGCGGATCCCATATG-TGCAGCAGCGGAGGG BamHI -
Ndel
4021 Reverse CCCGCTCGAG- TTGCTTGGCGGCAAGGC XhoI
743 4022 Forward CGCGGATCCCATATG-GACGGTGTTGTGCCTGTT BamHI -
Ndel
4023 Reverse CCCGCTCGAG-CTTACGGATCAAATTGACG XhoI
745 4024 Forward CGCGGATCCCATATG-TTTTGGCAACTGACCG BamHI -
Ndel
4025 Reverse CCCGCTCGAG- CAAATCAGATGCCTTTAGG XhoI
746 4026 Forward CGCGGATCCCATATG-TCCGAAAACAAACAAAAC BamHI -
Ndel
4027 Reverse CCCGCTCGAG-TTCATTCGTTACCTGACC XhoI
747 4028 Forward CCGGAATTCTAGCTAGC-CTGACCCCTTGGG EcCoRI-
Nhel
4029 Reverse GCCCAAGCTT-TTTTGATTTTAATTGACTATAGAAC HindIII
749 4030 Forward CGCGGATCCCATATG-TGCCAGCCGCCG BamHI -
Ndel
4031 Reverse CCCGCTCGAG- TTTCAAGCCGAGTATGC XhoI
750 4032 Forward CGCGGATCCCATATG-TGTTCGCCCGAACCTG BamHI -
Ndel
4033 Reverse CCCGCTCGAG-CTTTTTCCCCGCCGCAA XhoI
758 4034 Forward CGCGGATCCCATATG-AACAATCTGACCGTGTT BamHI -
Ndel
4035 Reverse CCCGCTCGAG- TGGCTCAATCCTTTCTGC XhoI
759 4036 Forward CGCGGATCCGCTAGC-CGCTTCACACACACCAC BamHI -
Nhel
4037 Reverse CCCGCTCGAG- CCAGTTGTAGCCTATTTTG XhoI
763 4038 Forward CGCGGATCCCATATG-CTGCCTGAAGCATGGCG BamHI -
Ndel
4039 Reverse CCCGCTCGAG- TTCCGCAAATACCGTTTCC XhoI
764 4040 Forward CGCGGATCCCATATG-TTTTTCTCCGCCCTGA BamHI -
Ndel
4041 Reverse CCCGCTCGAG- TCGCTCCCTAAAGCTTTC XhoI
765 4042 Forward CGCGGATCCCATATG-TTAAGATGCCGTCCG BamHI -
Ndel
4043 Reverse CCCGCTCGAG-ACGCCGACGTTTTTTATTAA XhoI
767 4044 Forward CGCGGATCCCATATG-CTGACGGAAGGGGAAG BamHI -
Ndel
4045 Reverse CCCGCTCGAG- TTTCTGTACAGCAGGGG XhoI
768 4046 Forward CGCGGATCCCATATG-GCCCCGCAAARACCCG BamHI -
Ndel
4047 Reverse CCCGCTCGAG-TTTCATCCCTTTTTTGAGC XhoI
770 4048 Forward CGCGGATCCCATATG-TGCGGCAGCGGCGAA BamHI -
Ndel
4049 Reverse CCCGCTCGAG-GCGTTTGTCGAGATTTTC XhoI
771 4050 Forward CGCGGATCCCATATG-TCCGTATATCGCACCTTC BamHI -
Ndel
4051 Reverse CCCGCTCGAG-CGGTTCTTTAGGTTTGAG XhoI
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772 4052 Forward CGCGGATCCCATATG-TTTGCGGCGTTGGTGG BamHI -
Ndel
4053 Reverse CCCGCTCGAG-CAATGCCGACATCAAACG XhoI
774 4054 Forward CGCGGATCCCATATG-TCCGTTTCACCCGTTCC BamHI -
Ndel
4055 Reverse CCCGCTCGAG-TCGTTTGCGCACGGCT XhoI
790 4056 Forward CGCGGATCCCATATG-GCAAGAAGGTCAAAAAC BamHI -
Ndel
4057 Reverse CCCGCTCGAG-GGCGTTGTTCGGATTTCG XhoI
900 4058 Forward CGCGGATCCCATATG-CCGTCTGAAATGCCG BamHI -
Ndel
4059 Reverse CCCGCTCGAG-ATATGGAAAAGTCTGTTGTC XhoI
901 4060 Forward CGCGGATCCCATATG-CCCGATTTTTCGATG BamHI -
Ndel
4061 Reverse CCCGCTCGAG-AAAATGGAACAATACCAGG XhoI
902 4062 Forward.2 CCGGAATTCTACATATG- TTGCACTTTCAAAGGATAATC EcCoRI-
Ndel
4063 Reverse CCCGCTCGAG-AAAAATGTACAATGGCGTAC XhoI
903 4064 Forward CCGGAATTCTAGCTAGC - CAGCGTCAGCAGCACAT EcCoRI-
Nhel
4065 Reverse CCCGCTCGAG-GAAACTGTAATTCAAGTTGAA XhoI
904 4066 Forward AAAAAAGGTACC-ATGATGCAGCACAATCGTTTC Kpn I
4067 Reverse AAACTGCAG-TTAATATCGATAGGTTATATG Pst I
904a 4068 Forward AAAAAAGAATTC- CGGCTCGGCATTGTGCAGATGTTGCA Eco RI
4069 Reverse AAACTGCAG-TTAATATCGATAGGTTATATG Pst I
905 4070 Forward CGCGGATCCCATATG-AACAAAATATACCGCATC BamHI -
Ndel
4071 Reverse CCCGCTCGAG- CCACTGATAACCGACAGAT XhoI
907 4072 Forward CGCGGATCCCATATG-GGCGCGCAACGTGAG BamHI -
Ndel
4073 Reverse CCCGCTCGAG-ACGCCACTGCCAGCG XhoI
908 4074 Forward AAAGAATTC-GCAGAGTTAGTAGGCGTTAATAAAAATAC Eco RI
4075 Reverse AAACTGCAG-TTAATATGGTTTTGTCGTTCG Pst I
909 4076 Forward CGCGGATCCCATATG-TGCGCGTGGGAAACTTAT BamHI -
Ndel
4077 Reverse CCCGCTCGAG-TCGGTTTTGAAACTTTGGTTTT XhoI
910 4078 Forward AAAGAATTC-GCATTTGCCGGCGACTCTGCCGAGCG Eco RI
4079 Reverse AAACTGCAG-TCAGCGATCGAGCTGCTCTTT Pst I
911 4080 Forward AAAGAATTC-GCTTTCCGCGTGGCCGGCGGTGC Eco RI
4081 Reverse AAAAAACTGCAG-GTCGACTTATTCGGCGGCTTTTTCCGC Pst I
912 4082 Forward AAAAAAGAATTC- Eco RI
CAAATCCGTCAAAACGCCACTCAAGTATTGAG
4083 Reverse AAAAAACTGCAG- TTACAGTCCGTCCACGCCTTTCGC Pst I
913 4084 Forward CGCGGATCCCATATG-GAAACCCGCCCCGC BamHI -
Ndel
4085 Reverse CCCGCTCGAG-AGGTTGTGTTCCAGGTTG XhoI
915 4086 Forward CGCGGATCCCATATG-TGCCGGCAGGCGGAA BamHI -
Ndel
4087 Reverse CCCGCTCGAG- TTTGAAAATATAGGTATCAGG XhoI
914 4088 Forward AAAGAATTC-GACAGAATCGGCGATTTGGAAGCACG Eco RI
4089 Reverse AAACTGCAG-CTATATGCGCGGCAGGACGCTCAACGG Pst I
916 4090 Forward CGCGGATCCCATATG-GCAATGATGGCGGCTG BamHI -
Ndel
4091 Reverse CCCGCTCGAG- TTTGGCGGCATCTTTCAT XhoI
917 4092 Forward AAAAAAGAATTC- CCTGCCGAAAAACCGGCACCGGC Eco RI
4093 Reverse AAAAAACTGCAG-TTATTTCCCCGCCTTCACATCCTG Pst I
919 4094 Forward CGCGGATCCCATATG-TGCCAAAGCAAGAGCATC BamHI -
Ndel
4095 Reverse CCCGCTCGAG- CGGGCGGTATTCGGG XhoI
920 4096 Forward CGCGGATCCCATATG-CACCGCGTCTGGGTC BamHI -
Ndel
4097 Reverse CCCGCTCGAG-ATGGTGCGAATGACCGA XhoI
921 4098 Forward AAAAAAGAATTC- TTGACGGAAATCCCCGTGAATCC Eco RI
4099 Reverse AAAAAACTGCAG- TCATTTCAAGGGCTGCATCTTCAT Pst I
922 4100 Forward.2 CGCGGATCCGCTAGC-TGTACGGCGATGGAGGC BamHI -
Nhel
4101 Reverse CCCGCTCGAG-CAATCCCGGGCCGCC XhoI
923 4102 Forward CGCGGATCCCATATG-TGTTACGCAATATTGTCCC BamHI -
Nhel
4103 Reverse CCCGCTCGAG-GGACAAGGCGACGAAG XhoI
925 4104 Forward CGCGGATCCCATATG-AAACAAATGCTTTTAGCCG BamHI -
Ndel
4105 Reverse CCCGCTCGAG-GCCGTTGCATTTGATTTC XhoI
926 4106 Forward CGCGGATCCCATATG-TGCGCGCAATTACCTC BamHI -

Ndel
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4107 Reverse CCCGCTCGAG- TCTCGTGCGCGCCG XhoI
927 4108 Forward CGCGGATCCCATATG-TGCAGCCCCGCAGC BamHI -
Ndel
4109 Reverse CCCGCTCGAG-GTTTTTTGCTGACGTAGT XhoI
929a 4110 Forward AAAAAAGAATTC-CGCGGTTTGCTCAAAACAGGGCTGGG Eco RI
4111 Reverse AAAAAATCTAGA- TTAAGAAAGACGGAAACTACTGCC Xba I
931 4112 Forward AAAAAAGAATTC-GCAACCCATGTTTTGATGGAAAC Eco RI
4113 Reverse AAAAAACTGCAG- TTACTGCCCGACAACAACGCGACG Pst I
935 4114 Forward AAAAAAGAATTC- Eco RI
GCGGATGCGCCCGCGATTTTGGATGACAAGGC
4115 Reverse AAAAAACTGCAG- TCAAAACCGCCAATCCGCCGACAC Pst I
936 4116 Forward CGCGGATCCCATATG-GCCGCCGTCGGCGC BamHI -
Ndel
4117 Reverse CCCGCTCGAG-GCGTTGGACGTAGTTTTG XhoI
937 4118 Forward AAAAAAGAATTC-CCGGTTTACATTCAAACCGGCGCAAC Eco RI
4119 Reverse AAAAAACTGCAG- TTAAAATGTATGCTGTACGCCAAA Pst I
939%a 4120 Forward AAAAAAGAATTC-GGTTCGGCAGCTGTGATGAAACC Eco RI
4121 Reverse AAAAAACTGCAG- TTAACGCAAACCTTGGATAAAGTTGGC Pst I
950 4122 Forward CGCGGATCCCATATG-GCCAACAAACCGGCAAG BamHI -
Ndel
4123 Reverse CCCGCTCGAG- TTTAGAACCGCATTTGCC XhoI
953 4124 Forward CGCGGATCCCATATG-GCCACCTACAAAGTGGAC BamHI -
Ndel
4125 Reverse CCCGCTCGAG- TTGTTTGGCTGCCTCGAT XhoI
957 4126 Forward CGCGGATCCCATATG-TTTTGGCTGGGAACGGG BamHI -
Ndel
4127 Reverse CCCGCTCGAG-GTGAGAAAGGTCGCGC XhoI
958 4128 Forward CGCGGATCCCATATG-GCCGATGCCGTTGCG BamHI -
Ndel
4129 Reverse GCCCAAGCTT-GGGTCGTTTGTTGCGTC HindIII
959 4130 Forward CGCGGATCCCATATG-CACCACGACGGACACG BamHI -
Ndel
4131 Reverse CCCGCTCGAG-GTCGTCGCGGCGGGA XhoI
961 4132 Forward CGCGGATCCCATATG-GCCACAAGCGACGACG BamHI -
Ndel
4133 Reverse CCCGCTCGAG-CCACTCGTAATTGACGC XhoI
972 4134 Forward AAAAADNGAATTC- Eco RI
TTGACTAACAGGGGGGGAGCGAAATTAAAAAC
4135 Reverse AAAAAATCTAGA- TTAAAAATAATCATAATCTACATTTTG Xba I
973 4136 Forward AAAAAAGAATTC-ATGGACGGCGCACAACCGAAAAC Eco RI
4137 Reverse AAAAAACTGCAG- TTACTTCACGCGGGTCGCCATCAGCGT Pst I
982 4138 Forward CGCGGATCCCATATG-GCAGCAAAAGACGTAC BamHI -
Ndel
4139 Reverse CCCGCTCGAG-CATCATGCCGCCCATCC XhoI
983 4140 Forward CGCGGATCCCATATG-TTAGCTGTTGCAACAACAC BamHI -
Ndel
4141 Reverse CCCGCTCGAG-GAACCGGTAGCCTACG XhoI
987 4142 Forward CGCGGATCCCATATG-CCCCCACTGGAAGAAC BamHI -
Ndel
4143 Reverse CCCGCTCGAG- TAATAAACCTTCTATGGGC XhoI
988 4144 Forward CGCGGATCCCATATG-TCTTTAAATTTACGGGAAAAAG BamHI -
Ndel
4145 Reverse GCCCAAGCTT-TGATTTGCCTTTCCGTTTT HindIII
989 4146 Forward CCGGAATTCTACATATG-GTCCACGCATCCGGCTA EcCoRI-
Ndel
4147 Reverse CCCGCTCGAG- TTTGAATTTGTAGGTGTATTGC XhoI
990 4148 Forward.2 CGCGGATCCGCTAGC-TTCAGAGCTCAGCTT BamHI -
Nhel
4149 Reverse CCCGCTCGAG-AAACAGCCATTTGAGCGA XhoI
992 4150 Forward CGCGGATCCCATATG-GACGCGCCCGCCCG BamHI -
Ndel
4151 Reverse CCCGCTCGAG- CCAAATGCCCAACCATTC XhoI
993 4152 Forward CGCGGATCCCATATG-GCAATGCTGATTGAAATCA BamHI -
Ndel
4153 Reverse CCCGCTCGAG-GAACACATCGCGCCCG XhoI
996 4154 Forward CGCGGATCCCATATG-TGCGGCAGAAAATCCGC BamHI -
Ndel
4155 Reverse CCCGCTCGAG- TCTAAACCCCTGTTTTCTC XhoI
997 4156 Forward CCGGAATTCTAGCTAGC - CGGCACGCCGACGTT EcCoRI-
Nhel

4157 Reverse CCCGCTCGAG-GACGGCATCGCTCAGG XhoI
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Underlined sequences indicate restriction recognition sites.
The following DNA and amino acid sequences are identi-

fied by titles of the following form: [g, m, or a] [#].[seq or

pep], where “g” means a sequence from N. gonorrhoeae, “m”

means a sequence from N. meningitidis B, and “a” means a

sequence from N. meningitidis A; “#” means the number of
the sequence; “seq” means a DNA sequence, and “pep”
means an amino acid sequence. For example, “g001.seq”
refers to an N. gonorrhoeae DNA sequence, number 1. The
presence of the suffix “~1” to these sequences indicates an
additional sequence found for the same ORF. Further, open
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reading frames are identified as ORF #, where “#” means the
number of the ORF, corresponding to the number of the
sequence which encodes the ORF, and the ORF designations
may be suffixed with “.ng” or “.a”, indicating that the ORF
corresponds to a N. gonorrhoeae sequence or a N. meningiti-
dis A sequence, respectively. Computer analysis was per-
formed for the comparisons that follow between “g”, “m”,
and “a” peptide sequences; and therein the “pep” suffix is
implied where not expressly stated.

The following partial DNA sequence was identified in N.

gonorrhoeae <SEQ ID 1>

ATGCTGCCGC

CGGCAGGGCT

AACGCGATAC

ATTTTGCCGA

GCGGTTTTTC

CGTCGCCCAA

CCGTCTGAAG

CGCGGATTGC

AGGGGAAGGC

TGCGCCCGGA

TTTAAACGGC

GGTCGTTGCG

GGGTCGGTTT

AATCGGCGCG

CGATGTTGAG

CCGGCTTCAT

GGCGCGGAGG

TGGTGCTGGT

TCGGGTACGC

CAGCARATCG

GTAACTCGGC

GTGCCTTTCA

GAAGAGTTCG

CGGGCAGGTG

GTGTCGGCGA

CATCTGCCAG

ATACTTTACC

ACAATCATCA

GGCGCGGCGET

TCGGTTCGGT

GGCGAGAAAC

GGACAATACG

ACGAGGTGTC

ACGCTGCCGA

GGTTTGGGCG

CGTTTTCGGC

TCGTCTTGTC

GCTGATGGTG

ACAGCGTCCA

GCATAG

This corresponds to the amino acid sequence <SEQ ID 2;
ORF 001.ng>:

MLPQGKAARR

VSANEVSGRA

CARMVLVICQ TLPKRDTLNG SGTHTLPVWA

ILPRSLRSKS

PSEAMLRKSS

TIITFSARFF

GEKHSVHADC

GSVCNSAARR SSCPSPKIGA VPFIGSVLMV

PASSGRWDNT

A*

The following partial DNA sequence was identified in N.
meningitidis <SEQ 1D 3>

ATGCTGCCGC

CGGcAssCTT

AACGCGATAC

ATTTTGCCGA

GCGGTTTTTC

CGTCGCCCAA

CCGTCCGAAC

CGCGGATTGC

AGGGGAAGGC

58 .GCTTGGA

TTTAAACGGT

GATCGTTACG

GGGTCTGCTT

AATCGGCGCG

CGATTTTGAG

CCCTCCGCAT

GGCGCGGAGG
YGGTGCTGGT
TCGGGTACGC
CAGCARATCG
GCAACTCGGC
GTGCCTTTCA
GAAGAGTTCG

CGGGCAGGTG

ATGTCGGCGA

CATCTGCCAA

ATACTGTGCC

ACAATCATCA

GGCGCGGCGET

TCGGTTCGGT

GGCGAGAAAC

GGACAAGACG

ACGAGGTGTG

ACGCTGCCGA

GGTTTGGGCG

CGTTTTCGGC

TCGTCTTGTC

GCTGATGGTG

ACAGCGTCCA

GCATAG

This corresponds to the amino acid sequence <SEQ ID 4;
ORF 001>:

MLPQGKAARR

MSANEVCGXL

XAWXVLVICQ TLPKRDTLNG SGTHTVPVWA

51

101

ILPRSLRSKS

PSEPILRKSS

TIITFSARFF

GEKHSVHADC

GSACNSAARR SSCPSPKIGA VPFIGSVLMV

PSASGRWDKT

A*
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The following partial DNA sequence was identified in N.
meningitidis <SEQ ID 5>

a00l.seq

1 ATGCTGCCGC AGGGGAAGGC GGCGCGGAGG ATGTCGGCGA ACGAGGTGTG

51 CGGCAAGGCT TGGGCTTGGA TGGTGCTGGT CATCTGCCAA ACGCTGCCGA

101 AACGCGATAC TTTAAACGGT TCGGGTACGC ATACTGTGCC GGTTTGGGCG

151 ATTTTGCCGA GGTCGTTACG CAGCAAATCG ACAATCATCA CGTTTTCGGC

201 GCGGTTTTTC GGGTCTGCTT GCAACTCGGC GGCGCGGCGT TCGTCTTGTC

251 CGTCGCCCAA AATCGGCGCG GTGCCTTTCA TCGGTTCGGT GCTGATGGTG

301 CCGTCCGAAC CGATTTTGAG GAAGAGTTCG GGCGAGAAAC ACAGCGTCCA

351 CGCGGATTGC CCTTGTGCAT CGGGCAGGTG GGACAAAACG GCATAG

This corresponds to the amino acid sequence <SEQ ID 6;

ORF 001.a>:

a00l.pep

1 MLPQGKAARR MSANEVCGKA WAWMVLVICQ TLPKRDTLNG SGTHTVPVWA

51 ILPRSLRSKS TIITFSARFF GSACNSAARR SSCPSPKIGA VPFIGSVLMV

101 PSEPILRKSS GEKHSVHADC PCASGRWDKT A*

m001/a001 96.2% identity over a 131 aa overlap

m001l.pep

a00l.pep

m001l.pep

a00l.pep

m001l.pep

a00l.pep

10 20 30 40 50 60
MLPQGKAARRMSANEVCGXLXAWXVLVICOTLPKRDTLNGSGTHTVPVWATILPRSLRSKS
COTEEEELELEE e LE P LT
MLPQGKAARRMS ANEVCGKAWAWMVLVICOTLPKRDTLNGSGTHTVPVWATILPRSLRSKS

10 20 30 40 50 60

70 80 90 100 110 120
TIITFSARFFGSACNSAARRSSCPSPKIGAVPFIGSVLMVPSEPILRKSSGEKHSVHADC

TIITFSARFFGSACNSAARRSSCPSPKIGAVPFIGSVLMVPSEPILRKSSGEKHSVHADC

70 80 920 100 110 120
130
PSASGRWDKTAX
[ LT
PCASGRWDKTAX
130
45

Computer analysis of this amino acid sequence gave the fol-

lowing results:

Homology with a predicted ORF from N. gonorrhoeae
ORF 001 shows 89.3% identity over a 131 aa overlap with a
predicted ORF (ORF 001.ng) from N. gonorrhoeae:

mo01/g00l
m001l.pep

goo1

m001l.pep

goo1

m001l.pep

goo1

10 20 30 40 50 60
MLPQGKAARRMSANEVCGXLXAWXVLVICQTLPKRDTLNGSGTHTVPVWAILPRSLRSKS
LT O T 0 L LT
MLPQGKAARRVSANEVSGRACARMVLVICQTLPKRDTLNGSGTHTLPVWAILPRSLRSKS

10 20 30 40 50 60

70 80 90 100 110 120
TIITFSARFFGSACNSAARRSSCPSPKIGAVPFIGSVLMVPSEPILRKSSGEKHSVHADC
CELLEETETEE = LELEE DL L = TV
TIITFSARFFGSVCNSAARRSSCPSPKIGAVPFIGSVLMVPSEAMLRKSSGEKHSVHADC
70 80 920 100 110 120
130
PSASGRWDKTAX
S
PASSGRWDNTAX
130

214
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The following partial DNA sequence was identified in N.

215
gonorrhoeae <SEQ ID 7>:
g003.seq

1 ATGGTCGTAT TCGTGGCTGA
51 CTTGGTATTG CTCTTCGGTC
101 TTTTTATACG TTGCCGCGTC
151 TTTGCCCGGC AGCGGTTCGT
201 CGTTGGGGTT TTTAATCAGG
251 AAGTTTTTCA GCGGTTCGTT
301 CTGCTCGCGT TTGAGGGCGG
351 TGTAGTACAC GCCGCTGCGG
401 TTGAGGCTGG TCGGATCAAC
451 CAGYCTGagt TTGTCGGCAT
501 CCGTATGGCG GTaggacact
551 TTGGCgttac cGGATACCGC
601 ggCTTCCAAg ccccaaaagc
651 tcatgattGC TGa

AGGCGTATTC
AGGGTGCGTT
GAAGCCTTTG
CGGCTTTGCG
TAGTCCTGAT
TTCAACAACG
CGGCGATGAC
TATTGCGTGC
GACGCGGAAA
CGTaggtcac
tctTCgtanc
gtcaACCACG

agcegecgge

GGTCGCGCTG
TGAGTTCGGC
CCTTGCGGTG
GATGTCGATG
GGTATTCCTC
AGGGGCAGTT
GGCTTTTTCG
CGGTGTCGTT
TAATATTGCA
tTTGACGGTC
TcGGGETTTC
CCGTcgatge

gaagtaaatg

This corresponds to the amino acid sequence <SEQ ID 8;

ORF 003.

g003.pep
1

51
101
151

201

ng>:

MVVFVAEGVF
FARQRFVGFA
LLAFEGGGDD
QAEFVGIVGH

FQAPKAAAGE

GRAVLGHLVL LFGQGAFEFG VTRFFIRCRV

DVDVAVAVGV FNQVVLMVFEL GVVEVFQRFV

GFFGGVGVVH AAAVLRAGVV TLEVEAGRIN

FDGLGMTRMA VGHFFVRVFR VAVGVTGYRV

VNGARVHDC

The following partial DNA sequence was identified in N.
meningitidis <SEQ ID 9>

m003.seq
1

51
101
151
201
251
301
351
401
451
501
551
601

651

ATGGTCGTAT

CTTGsTATTG

TTTTTATACG

TTTGCCCGGC

CGTTGGGGTT

AAGTTTTtCA

CTGCTCGCGT

TGTAGTACAC

TTGAGGCTGG

TAGGCTGAGT

CCGTATGGCG

TTGGCGTAGC

GGCTTCCAAG

TCATGATTTT

TCGTGGCTGA

CTCTTCGGTC

TTGCCGCGTC

AGCGGTTCGT

TTTAATCAAG

GCGGCTCGTT

TTGAGGGCGk

GCCGCTGCGG

TCGGATCAAC

TTGTCGGCAT

GTAGGACACG

CGGATACCGC

CCCCAGAAGC

TGA

AGGCATATTC
AGGGTGCGTT
GAAGCCTTTG
CAGCKTTGCG
TAGTCCTGAT
TTCAACAACG
CGGCGATGAC
TATTGCGTAC
GACGCGGAAG
CGTAGGTCAC
TCTTCATAGC
GTCAACCACG

AGCg.CCGGC

GGTCGCGCTG

TGAGTTCGGC

CCTTGCGGGG

GATGTCGATG

GGTATTCCTC

AGGGGCAGTT

GGCTTTTTCG

CGGTGTCGTT

AAATATTGCA

TTTGACGGTT

TCGGATTTTT

CCGTCGATGC

GAGGTAAATG

TTTTGGGTCA
GTCACTCGGT
CGGCTTTGGT
TGGCAGTAGC
GGCGTCGTAG
GGTATTTTTG
GCGGGGTCGG
ACCCTGTTTG
GGATGTCGTC
TCGGCATGAC
CGTGLtGCCG
gttggaAATa

gtgccegtgt

EAFALRCGFG
FNNEGQLVFL
DAEIILQDVV

NHAVDALEIG

40

TTTTGGGTAA
GTCACTCGGT
CGGTCTTGGT
TGGCAGTAGC
GGCATCGTAG
GGTATTTTTG
kCGGGGTCGG
GCCCTGTTTG
GGATGTCGTC
TCGGCGTGGC
CGTGTTGCCG
GTTGGAAATA

GTGCGCGTGT
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217 218
This corresponds to the amino acid sequence <SEQ ID 10;
ORF 003>
m003 .pep Length: 221
1 MVVFVAEGIF GRAVLGNLXL LFGQGAFEFG VTRFFIRCRV EAFALRGGLG
51 FARQRFVSXA DVDVAVAVGYV ENQVVLMVFL GIVEVFQRLV FNNEGQLVFL
101 LLAFEGXGDD GFFXGVGVVH AAAVLRTGVV ALFVEAGRIN DAEEILQDVV
151 *AEFVGIVGH FDGFGVARMA VGHVFIARIF RVAVGVAGYR VNHAVDALEI
201 GFQAPEAAXG EVNGARVHDF *
The following partial DNA sequence was identified in N.
meningitidis <SEQ ID 11>:
a003.seq
1 ATGGTCGTAT TCGTGGCTGA AGGCATATTC GGTCGCGCTG TTTTGGGTAA
51 CTTGGTATTG CTCTTCGGTC AGGGTGCGTT TGAGTTCGGC GTCACTCGGT
101  TTTTTATACG TTGCCGCGTC GAAGCCTTTG CCTTGCGGTG CGGTCTTGGT
151 TTTGCCCGGC AGCGGTTCGT CGGCTTTGCG GATATCGATG TGGCAGTAGC
201  CGTTGGGGTT TTTAATCAAG TAGTCCTGAT GGTATTCCTC GGCATCGTAG
251  AAGTTTTTCA GCGGCTCGTT TTCAACAACG AGGGGCAGTT GGTATTTTTG
301 CTGCTCGCGT TTGAGGGCGG CGGCGATGAC GGCTTTTTCG GCGGGGTCGS
351 TGTAGTACAC GCCGCTGCGG TATTGCGTAC CGGTGTCGTT GCCCTGTTTG
401 TTGAGGCTGG TCGGATCAAC GACGCGGAAG AAATATTGCA GGATGTCGTC
451 TAGGCTGAGT TTGTCGGCAT CGTAGGTCAC TTTGACGGTT TCGGCGTGGC
501 CCGTATGGCG GTAGGACACG TCTTCATAGC TCGGATTTTT CGTGTTGCCG
551 TTGGCGTAGC CGGATACCGC GTCAACCACG CCGTCGATGC GTTGGAAATA
601 GGCTTCCAAG CCCCAGAAGC AGCCGCCGGC GAGGTAGATG GTGCGCGTGT
651 TCATGATTTT TGA
40
This corresponds to the amino acid sequence <SEQ ID 12;
ORF 003.a>
a003 .pep
1 MVVFVAEGIF GRAVLGNLVL LFGQGAFEFG VTRFFIRCRV EAFALRCGLG
51 FARQRFVGFA DIDVAVAVGYV FNQVVLMVFL GIVEVFQRLV FNNEGQLVFL
101 LLAFEGGGDD GFFGGVGVVH AAAVLRTGVV ALFVEAGRIN DAEEILQDVV
151 *AEFVGIVGH FDGFGVARMA VGHVFIARIF RVAVGVAGYR VNHAVDALEI
201 GFQAPEAAAG EVDGARVHDF *
m003/a003 95.9% identity over a 220 aa overlap
10 20 30 40 50 60
mO03.pep MVVFVAEGIFGRAVLGNLXLLFGQGAFEFGVTRFFIRCRVEAFALRGGLGFARQRFVSXA
R
10 20 30 40 50 60
70 80 90 100 110 120
m003.pep DVDVAVAVGVFNQVVLMVFLGIVEVFQRLVFNNEGQLVFLLLAFEGXGDDGFFXGVGVVH
2003 DIDVRAVGYRNGVIN LG VYRR RSO LLABSGADe PTG

70 80 90 100 110 120
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-continued
130 140 150 160 170 180
m003.pep AAAVLRTGVVALFVEAGRINDAEEILQDVVXAEFVGIVGHFDGFGVARMAVGHVFIARIF

a003 AAAVLRTGVVALFVEAGRINDAEEILQDVVXAEFVGIVGHFDGFGVARMAVGHVFIARIF
130 140 150 160 170 180
190 200 210 220

m003 .pep RVAVGVAGYRVNHAVDALEIGFQAPEAAXGEVNGARVHDFX

a003 RVAVGVAGYRVNHAVDALEIGFQAPEAAAGEVDGARVHDFEFX
190 200 210 220

Computer analysis of this amino acid sequence gave the fol-
lowing results:

Homology with a predicted ORF from N. gonorrhoeae
ORF 003 shows 88.6% identity over a 219 aa overlap with a
predicted ORF (ORF 003.ng) from N. gonorrhoeae:

mo03/g003
10 20 30 40 50 60
m003.pep MVVEVAEGIFGRAVLGNLXLLFGQGAFEFGVTRFFIRCRVEAFALRGGLGFARQREFVSXA

g003 MVVFVAEGVFGRAVLGHLVLLFGQGAFEFGVTRFFIRCRVEAFALRCGFGFARQRFVGFA
10 20 30 40 50 60
70 80 90 100 110 120

m003 .pep DVDVAVAVGVFNQVVLMVFLGIVEVFQRLVFNNEGQLVFLLLAFEGXGDDGFFXGVGVVH

g003 DVDVAVAVGVFNQVVLMVFLGVVEVFQRFVFNNEGQLVFLLLAFEGGGDDGFFGGVGVVH
70 80 90 100 110 120
130 140 150 160 170 180

m003 .pep AAAVLRTGVVALFVEAGRINDAEEILQDVVXAEFVGIVGHFDGFGVARMAVGHVFIARIF

g003 AARV LRAGVVTLFVEAGRINDAEIILQDVVQAEFVGIVGHFDGLGMTRMAVGHFFV RVF
130 140 150 160 170 180
190 200 210 220

m003 .pep RVAVGVAGYRVNHAVDALEIGFQAPEAAXGEVNGARVHDFX

g003 RVAVGVTGYRVNHAVDALEIGFQAPKAAAGEVNGARVHDC
190 200 210

35

The following partial DNA sequence was identified in N.
gonorrhoeae <SEQ ID 13>:

004.

° fquTthagAAC GGCATATCCA GCATTTGCGG AACGGTCATC TTCATTTGAT
51 GCGCCCATGC CAACAagtga gccaAAtgtT CGGCGGCAGG GCCTacgatT
101 TCCGCGCCGA TAAagcggcce gGTGgctTTT tcegGCataca ggcgcaTatg
151 gCCTTTGTTT ACCAgcatca cgcggctgcg accttgaTTT TTGAACGATA
201 CTTCGCCgaT GACAAATTCG TCGGCTTGGT ATTGCGCGGC AACCTGCGCG
251 TATTTCAAAC CGACAAAGCC GATTTGCgga ctggtaaACA CCACGCCAAT
301 GGTgctgegyg cGCAAACCGC TGCCGATATt cgGgtagcegg ccccgcgtta
351 ttgceceggca atcttacctt ggtcecggegge ttcatGCAGC AGGGGCagtt
401 ggttggacgc gtcgcccgca ataAAGATAT GCGGAATgct ggtCTGCATg
451 gt CAGCGGAT CGGCAACGGG tacgccgcgce gcgtetttgT CGATATTGAT
501 GTTTTCCAAA CCGATATtgT CAACGTTCGG ACGGCYACCT ACGGCTGCCA
551 ACATATATTC GGCAACAAAT ACGCCTTTTT CGCCATCCTG CTCCCAATGG
601 ACTtctACAT TGCCGTCTGC GTCGAGTTTG ACCTCGGTTT TAGCATCCAG
651 ATGCAGTTTC AATtctTCTC CGAACACGGC TTTCGCCTCG TCTGAAACAA
701 CGGGGTCGGA AATGCCGCCG ATGATTCCGC CCAAACCGAA AATTTCAACT

751 TTCACACCCA AACGGTGCAA TGCCTGA

220
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This corresponds to the amino acid sequence <SEQ ID 14;

ORF 004.ng>:
g004 .pep
1 MVERHIQHLR
51 AFVYQHHAAR
101 GAAAQTAADI
151 VSGSATGTPR
201 TSTLPSASSL
251 FTPKRCNA*

NGHLHLMRPC

TLIFERYFAD

RVAAPRYCPA

ASLSILMFSK

TSVLASRCSF

QQVSQMFGGR

DKFVGLVLRG

ILPWSAASCS

PILSTFGRRP

NSSPNTAFAS

AYDFRADKAA

NLRVFQTDKA

RGSWLDASPA

TAANIYSATN

SETTGSEMPP

The following partial DNA sequence was identified in N.
meningitidis <SEQ ID 15>:

m004 .seq
1

51
101
151
201
251
301
351
401
451
501
551
601
651
701

751

ATGGTAGAAC

GTGCCCAAGC

TCCGCGCCGA

GCCTTTGTTC

CTTCGCCGAT

TATTTCAGAC

GGTGCTGCGC

GCCGGCAATC

TGGACGCATC

AGCGGGTCGG

TTCCAAACCG

TATATTCGGC

TCTACATTGC

CAGTTTCAAT

GGTCGGAAAT

ACGCCCAAAC

GGCATATCCA

CAACAGGTGC

TAAAGCGGCC

ACCAGCATCA

GACAAATTCG

CGACARAGCC

CGCAAACCGC

TTGCCTTGGT

GCCTGCGATG

CAACAGGTAC

ATATTGTCAA

AACAAATACG

CGTCTGCATC

TCTTCGCCGA

GCCGCCGATG

GGTGCAATGC

GCATTTGCGG

GCCAAATGTT

GGTGGCTTTT

CGCGGCTGCG

TCGGCTTGGT

GATTTGCGGA

CGCCGATATT

CGGCAGCTTC

AAGATATGCG

GCCGCGCGCA

CGTTCGGACG

CCTTTTTCGC

GAGTTTGACC

ACACGGCGTT

ATTCCGCCCA

CTGA

AACGGTCATC

CGGCGGCAGG

TCGGCATACA

GCCTTGGTTT

ATTGCGCGGC

CTGGTAAACA

CGGGTAGCGG

ATGCAGCAGA

GAATACTGGT

TCTTTTTCGA

GCGGCCCACG

CATCCTGCTC

TCGGTTTTAG

CGCCTCGTCT

AACCGAAAAT

This corresponds to the amino acid sequence <SEQ ID 16;

ORF 004>:
m004 .pep
1 MVERHIQHLR
51 AFVHQHHAARA
101 GAAPQTAADI
151 SGSATGTPRA
201 STLPSASSLT
251 TPKRCNA*

NGHLHLMCPS

ALVFERYFAD

RVAAALSPAI

SFSILIFSKP

SVLASRCSFN

QQVRQMFGGR

DKFVGLVLRG

LPWSAASCSR

ILSTFGRRPT

SSPNTAFASS

AYDFRADKAA

NLRVFQTDKA

GSWLDASPAM

GGFFGIQAHM

DLRTGKHHAN

IKICGMLVCM

TPFSPSCSQW

MIPPKPKIST

15

TTCATTTGAT

GCCTACGATT

GGCGCATATG

TTGAACGATA

AACCTGCGCG

CCACGCCGAT

CCGCGTTATC

GGCAGTTGGT

CTGCATGGTC

TATTGATATT

GCTGCCAGCA

CCAATGGACT

CATCCAGATG

GAAACGACGG

TTCAACTTTC

45

GGFFGIQAHM

DLRTGKHHAD

KICGILVCMV

AASIYSATNT

ETTGSEMPPM

The following partial DNA sequence was identified in N.
meningitidis <SEQ ID 17>:

a004 .seq
1

ATGGTAGAAC GGCATATCCA GCATTTGCGG AACGGTCATC

PFSPSCSQWT

IPPKPKISTF

60

TTCATTTGAT

222
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101

151

201

251

301

351

401

451

501

551

601

651

701

751
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-continued

GTGCCCAAGC CAACAGGTGC GCCAAATGTT CGGCGGCCGG ACCTACGATT

TCTGCGCCGA TGAAGCGGCC GGTGGCTTTT TCGGCATACA GGCGCATATG

GCCTTTGTTT ACCAGCATCA CGCGGCTGCG GCCTTGGTTT TTGAACGATA

CTTCGCCGAT GACAAATTCG TCGGCTTGGT ATTGCGCGGC AACCTGCGCG

TATTTCAAAC CGACAAAGCC GATTTGCGGA CTGGTGAACA CTACGCCGAT

GGTGCTGCGG CGCAAACCGC CGCCGATATT CGGGTAGCGG CCGCGTTATC

GCCGGCAATC TTGCCTTGGT CGGCGGCTTC ATGCAGCAGG GGCAGTTGGT

TGGACGCGTC GCCCGCAATA AAGATATGCG GAATACTGGT CTGCATAGTC

AGCGGATCGG CAACGGGTAC GCCGCGCGCA TCTTTTTCGA TATTGATGTT

TTCCAAACCG ATATTGTCAA CGTTCGGACG GCGGCCTACG GCTGCCAGCA

TATATTCGGC AACAAATACG CCTTTTTCGC CATCCTGCTC CCAATGGACT

TCTACATTGC CGTCTGCGTC GAGTTTGGCC TCGGTTTTAG CATCCAAATG

CAGTTTCAAT TCTTCACCGA ACACGGCTTT CGCCTCGTCT GAAACGACGG

GGTCGGAAAT GCCGCCGATG ATGCCACCCA AACCGAAAAT TTCAACTTTC

ACGCCCAAAC GGTGCAATGC CTGA

This corresponds to the amino acid sequence <SEQ ID 18;
ORF 004.a>:

a004 .pep
1

MVERHIQHLR NGHLHLMCPS QQVRQMFGGR TYDFCADEAA GGFFGIQAHM

51 AFVYQHHAAA ALVFERYFAD DKFVGLVLRG NLRVFQTDKA DLRTGEHYAD

101  GARAQTAADI RVAAALSPAI LPWSAASCSR GSWLDASPAI KICGILVCIV

151  SGSATGTPRA SFSILMFSKP ILSTFGRRPT AASIYSATNT PFSPSCSQWT

201  STLPSASSLA SVLASKCSFN SSPNTAFASS ETTGSEMPPM MPPKPKISTF

251  TPKRCNA*

40
m004/a004 94.9% identity over a 257 aa overlap
10 20 30 40 50 60

m004

a004

m004

a004

m004

a004

m004

a004

m004

a004

-pep

-pep

-pep

-pep

-pep

MVERHIQHLRNGHLHLMCPSQQOVROMFGGRAYDFRADKAAGGFFGIQAHMAFVHQHHARAR
I e
MVERHIQHLRNGHLHLMCPSQQOVROMFGGRTYDFCADEAAGGFFGIQAHMAFVYQHHARAR

10 20 30 40 50 60

70 80 90 100 110 120
ALVFERYFADDKFVGLVLRGNLRVFQTDKADLRTGKHHADGAAPQTAADIRVARALSPAL
CETLETETEREE PP L T L T LT
ALVFERYFADDKFVGLVLRGNLRVFQTDKADLRTGEHYADGARAQTAADIRVARALSPAL
70 80 90 100 110 120

130 140 150 160 170 180
LPWSAASCSRGSWLDASPAMKI CGILVCMYSGSATGTPRASFSILIFSKPILSTEGRRPT
CEELTELETEEE T = TPV = LV EL T LT
LPWSAASCSRGSWLDASPAIKICGILVCIVSGSATGTPRASFSILMFSKPILSTEGRRPT
130 140 150 160 170 180

190 200 210 220 230 240
AASTYSATNTPFSPSCSQWTSTLPSASSLTSVLASRCSFNSSPNTAFASSETTGSEMPPM
CCCCCCCCCUCUCCCC OO L DU
AASTYSATNTPFSPSCSQWTSTLPSASSLASVLASKCSFNSSPNTAFASSETTGSEMPPM

190 200 210 220 230 240

250
IPPKPKISTFTPKRCNAX

MPPKPKISTFTPKRCNAX
250

65

224



US 9,266,929 B2
225

Computer analysis of this amino acid sequence gave the fol-

lowing results:

Homology with a predicted ORF from N. gonorrhoeae
ORF 004 shows 93.4% identity over a 258 aa overlap with a
predicted ORF (ORF 004.ng) from N. gonorrhoeae:

mo04/g004
10 20 30 40 50 60
m004 .pep MVERHIQHLRNGHLHLMCPSQQVRQMFGGRAYDFRADKAAGGFFGIQAHMAFVHQHHAAA
IR
g004 MVERHIQHLRNGHLHLMRPCQQOVSQMFGGRAYDFRADKAAGGFFGIQAHMAFVYQHHARAR
10 20 30 40 50 60
70 80 90 100 110 119
m004 .pep ALVFERYFADDKFVGLVLRGNLRVFQTDKADLRTGKHHADGAAPQTAADIRVAAA-LSPA
s LU L T T
g004 TLIFERYFADDKFVGLVLRGNLRVFQTDKADLRTGKHHANGAAAQTAADIRVAAPRYCPA
70 80 90 100 110 120
120 120 140 150 160 170 179
m004 .pep ILPWSAASCSRGSWLDASPAMKICGILVCMVSGSATGTPRASFSILIFSKPILSTFGRRP
CCLCCCCECUCE T CU L DD = =TT
g004 ILPWSAASCSRGSWLDASPAIKICGMLVCMVSGSATGTPRASLSILMFSKPILSTFGRRP
130 140 150 160 170 180
180 190 200 210 220 230 239
m004 .pep TAASIYSATNTPFSPSCSQWTSTLPSASSLTSVLASRCSFNSSPNTAFASSETTGSEMPP
NN
g004 TAANIYSATNTPFSPSCSQWTSTLPSASSLTSVLASRCSFNSSPNTAFASSETTGSEMPP
190 200 210 220 230 240
240 250
m004 .pep MIPPKPKISTFTPKRCNAX
LT
g004 MIPPKPKISTFTPKRCNA
250

The following partial DNA sequence was identified in N.
gonorrhoeae <SEQ ID 19>:

g005.8eq
1

51
101
151
201
251
301
351
401
451
501
551
601
651
701
751
801
851
901
951

1001

ATGGGGATGG

ATCAATGTGG

TGCTTACCGT

AGTAAGAAAC

AAATTATAARA

AAGAGACAAR

GCCAAAGCAG

AACGCAAARR

CACACGCCGT

GCCAAGCCTG

GGTTCACGGT

GCAATATTCC

tatatgatgg

catcggtteg

TGAAAAAACA

CGCACGGTTA

CCGGCAGGAA

AAAACCGCCC

TTCGGCCGGC

TGATGATTTG

AATATCAGGA

ACAATATTGA
AAAGAAATTT
GTTCGGCGCA
AGTCGGAAAG
AAACAGCGGC
ACATCAGGAA
AGAAAAAGCG
TCCCGCCTTT
AGAATCCTTG
AAGATGAGGT
TACGGTTTGG
GCTGAccgtce
cgtgtgtgGC
gtgggtgtgg
TGATATTGAT
CTTTTATGGG
CTGGAGGAAA
CGGGTTGGAT
AGGCGTTGGC
TTGTTGAAAG

GAAGCGAAGC

TATGTTCATG
TACTGAATTA
ATTGCGCTGA
CGGCAGTGTC
AATCGTTTGA
AAAAAAGARR
TTTGAAGGAG
TTGTGTTGGA
CGTCATGAGA
TCTGCTCAGA
CGGCTTCGCA
gccgTCGATA
GGATAAAATT
tgGecggaagt
GTGGATGTGA
TGAAAATACG
CGCATCAGTT
ATTGAAAARR
GTTGAACTTG
CGTTTGAAARA

CTGATCCAGC

CCTGAACAAG
CGGTATTTTC
TTGTGTTGGC
GTACTGACAG
AACATTCTTT
AGAAAAAGGA
GGCGGGGAGA
TTTTGACGGC
TTACGGCGGT
TTGGAAAGTC
GCTTAGGCGT
AGGTCGCGGC
GTTTCCGCtc
gcCGAATATC
TGACGGCGGG
GAAAAGGGCA
GTTCAAGCAG
TAGCGACGGG
ATTGACGAGA
CAAACAGGLL

GCATTGGTTT

AGGAAATCCA
CTGCTCGAAC
TATCGTACAG
ATTTTTCGGA
TTAAGCGAGG
AAAGGCGGAA
AATCTGCCGA
GATTTGTATG
GCTTTTGATT
CGGGCGGCGET
TTGCGCGAAC
AAGCGgcggce
cgtttgeggt
CAccgCcetGT
CGAATTTAAG
AACAGAAATT
TTTGTCAGTG
CGAGCATTGG
TTTCGACCAG
aTCGAAGTGA

GCAGGCGGAA

226



1051

1101

227

-continued

US 9,266,929 B2

GCTTCCGTTG AAAAGTTGTT TGCCAAACTT GTCAACCGGC

GATGTAG

This corresponds to the amino acid sequence <SEQ ID 20;

ORF 005.

g005.pep
1

51
101
151
201
251
301

351

ng>:

MGMDNIDMFM
SKKQSESGSV
AKAEKKRLKE
AKPEDEVLLR

YMMACVADKI

PEQEEIQSMW

KEILLNYGIF

LLELLTVFGA

GAGCGGATGT

IALIVLAIVQ

VLTDFSENYK

GGEKSAETQK

LESPGGVVHG

VSAPFAVIGS

KQRQSFETFF

SRLFVLDFDG

YGLAASQLRR

VGVVAEVPNI

RTVTFMGENT

FGRQALALNL

ASVEKLFAKL

EKGKQKFRQE

IDEISTSDDL

VNRRADVM*

LEETHQLFKQ

LLKAFENKQV

LSEEETKHQE

DLYAHAVESL

LRERNIPLTV

HRLLKKHDID

FVSENRPGLD

IEVKYQEKRS

The following partial DNA sequence was identified in N.
meningitidis <SEQ ID 21>:

m005.seq
1

51
101
151
201
251
301
351
401
451
501
551
601
651
701
751
801
851
901
951

1001
1051

1101

ATGGACAATA

GTGGAAAGAA

CCGTGTTCGG

AAACAGTCGG

TAAAAAACAG

CACAACATCA

GCAGAGAAAA

NnAAATCACGC

NNNNNNNNNN

NNNNNNNNNN

NNNNNNNNNN

NNNNNNNNNN

ATGGCGTGTG

TTCGGTGGGT

AACATGATAT

GTTACTTTTA

GGAACTGGAG

GCCCTCAATT

CGGCAGGCGT

TTTGTTGTTG

AGGAGAAGCA

GTTGAAAAGT

G

TTGACATGTT

ATTTTACTGA

CGCAATTGCG

AWAGCGGCAG

CGGCAATCGT

GGAAAAAGAG

A.CGTTTGAA

CTTTTTGTGT

NNNNNNNNNN

NNNNNNNNNN

NNNNNNNNNN

NNNNNNNNNN

TGGCGGATAA

GTGGTGGCGG

TGATGTGGAT

TGGGTGAAARA

GAAACGCATC

GGATATTGAG

TGGCGTTGAA

AAAGCGTTTG

AAGCCTGATC

TGTTTGCCAA

CATGCCTGAA

ATTACGGTAT

CTGATTGTGT

TGTCGTACTG

TTGAAGCATT

GAAAAGAAAR

GGAGGGTGGG

TGGANNNNNN

NNNNNNNNNN

NNNNNNNNNN

NNNNNNNNNN

NNNNNNNNNN

AATTGCTTCC

AAGTACCGAA

GTGATGACGG

TACGGAAAAG

AGTTGTTCAA

GAAGTGGCAA

CTTGATTGAC

AAAACAAACA

CAGCGCATTG

ACTTGTCAAC

CAAGAGGAAR

TTTCCTGCTC

TGGCTATCGT

ACGGATTTTT

CTTTTTAAGC

AGGAAAAGGC

GAGAAATCTG

NNNNNNNNNN

NNNNNNNNNN

NNNNNNNNNN

NNNNNNNNNN

NNGCGAGCGG

GCTCCGTTTG

TATCCACCGC

CGGGCGAATT

GGCAAACAGA

GCAGTTTGTC

CGGGCGAGCA

GAGATTTCGA

GGTTATCGAA

GTTTGCAGGC

CGGCGGGCGG

KKEKKKEKAE

RHEITAVLLI

AVDKVAASGG

VDVMTAGEFK

IEKIATGEHW

LIQRIGLQAE

TCCAATCAAT

GAACTGCTTA

ACAGAGTAAG

CGGAAAATTA

GGGGAAGAGG

GGAAGCCAAA

CCGAAACGCA

NNNNNNNNNN

NNNNNNNNNN

NNNNNNNNNN

NNNNNNNNNN

CGGTTATATG

CGATTGTCGG

CTGTTGAAAA

TAAGCGCACG

AATTCCGACA

AGCGAGAACC

TTGGTTCGGT

CCAGTGATGA

GTGAAATATC

GGAAGCTTCT

ATGTGATGTA

65
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This corresponds to the amino acid sequence <SEQ ID 22;
ORF 005>
m005 .pep
1 MDNIDMFMPE QEEIQSMWKE ILLNYGIFLL ELLTVFGAIA LIVLAIVQSK
51 KQSXSGSVVL TDFSENYKKQ RQSFEAFFLS GEEAQHQEKE EKKKEKAEAK
101 AEKXRLKEGG EKSAETXKSR LFVLXXXXXX XXXXXXXXXX XXXXXXXXXX
151 XXXXXXXXKXX XXXXXXXXXX XXXXXXXXXX XXXXXXXXXX XXXXASGGYM
201 MACVADKIAS APFAIVGSVG VVAEVPNIHR LLKKHDIDVD VMTAGEFKRT
251  VTFMGENTEK GKQKFRQELE ETHQLFKQFV SENRPQLDIE EVATGEHWFG
301 RQALALNLID EISTSDDLLL KAFENKQVIE VKYQEKQSLI QRIGLQAEAS
351  VEKLFAKLVN RRADVM*
The following partial DNA sequence was identified in N.
meningitidis <SEQ ID 23>:
a005.seq
1 ATGGACAATA TTGACATGTT CATGCCTGAA CAAGAGGAAA TCCAATCAAT
51 GTGGAAAGAA ATTTTACTGA ATTACGGTAT TTTCCTGCTC GAACTGCTTA
101 CCGTGTTCGG CGCAATTGCG CTGATTGTGT TGGCTATCGT ACAGAGTAAG
151 AAACAGTCGG AAAGCGGCAG TGTCGTACTG ACGGATTTTT CGGAAAATTA
201 TAAAAAACAG CGGCAATCGT TTGAAGCATT CTTTTTAAGC GGGGAAGAGG
251 CAAAACATCA GGAAAAAGAG GAAAAGAAAA AGGAAAAGGC GGAAGCCAAA
301 GCAGAGAAAA AGCGTTTGAA GGAGGGTGGG GAGAAATCTT CCGAAACGCA
351 AAAATCCCGC CTTTTTGTGT TGGATTTTGA CGGCGATTTG TATGCACACG
401 CCGTAGAATC CTTGCGTCAT GAGATTACGG CGGTGCTTTT GATTGCCAAG
451 CCTGAAGATG AGGTTCTGCT TAGATTGGAA AGTCCGGGCG GCGTGGTTCA
501 CGGTTACGGT TTGGCGGCTT CGCAGCTTAG GCGTTTGCGC GAACGCAATA
551 TTCCGCTGAC CGTCGCCGTC GATAAGGTGG CGGCGAGCGG TGGTTATATG
601 ATGGCGTGTG TGGCGGATAA AATTGTTTCC GCTCCGTTTG CGATTGTCGG
651 TTCGGTGGGT GTTGTAGCGG AAGTACCGAA TATCCACCGC CTGTTGAAAA
701 AACATGATAT TGATGTGGAT GTGATGACGG CGGGCGAATT TAAGCGCACG
751 GTTACTTTTA TGGGTGAAAA TACGGAAAAG GGCAAACAGA AATTCCGACA
801 GGAACTGGAG GAAACGCATC AGTTGTTCAA GCAGTTTGTC AGCGAGAACC
851 GCCCTCAATT GGATATTGAG GAAGTGGCAA CGGGCGAGCA TTGGTTCGGT
901 CGGCAGGCGT TGGCGTTGAA CTTGATTGAC GAGATTTCGA CCAGTGATGA
951 TTTGTTGTTG AAAGCGTTTG AAAACAAACA GGTTATCGAA GTGAAATATC
1001 AGGAGAAGCA AAGCCTGATC CAGCGCATTG GTTTGCAGGC GGAAGCTTCT
1051 GTTGAAAAGT TGTTTGCCAA ACTTGTCAAC CGGCGGGCGG ATGTGATGTA
1101 G
60
This corresponds to the amino acid sequence <SEQ ID 24;
ORF 005.a>
a005.pep
1  MDNIDMFMPE QEEIQSMWKE ILLNYGIFLL ELLTVFGAIA LIVLAIVQSK
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-continued
51 KQSESGSVVL TDFSENYKKQ RQSFEAFFLS GEEAKHQEKE EKKKEKAEAK

101 AEKKRLKEGG EKSSETQKSR LFVLDFDGDL YAHAVESLRH EITAVLLIAK
151 PEDEVLLRLE SPGGVVHGYG LAASQLRRLR ERNIPLTVAV DKVAASGGYM

201 MACVADKIVS APFAIVGSVG VVAEVPNIHR LLKKHDIDVD VMTAGEFKRT

251 VTFMGENTEK GKQKFRQELE ETHQLFKQFV SENRPQLDIE EVATGEHWFG
301 RQALALNLID EISTSDDLLL KAFENKQVIE VKYQEKQSLI QRIGLQAEAS

351  VEKLFAKLVN RRADVM*
m005/a005 79.2% identity over a 366 aa overlap

10 20 30 40 50 60
m005.pep MDNIDMFMPEQEEIQSMWKEILLNYGIFLLELLTVFGAIALIVLAIVQSKKQSXSGSVVL

a0os MDNIDMFMPEQEEIQSMWKEILLNYGIFLLELLTVFGAIALIVLAIVQSKKQSESGSVVL
10 20 30 40 50 60
70 80 90 100 110 120

m005.pep TDFSENYKKQRQSFEAFFLSGEEAQHQEKEEKKKEKAEAKAEKXRLKEGGEKSAETXKSR

a0os TDFSENYKKQRQSFEAFFLSGEEAKHQEKEEKKKEKAEAKAEKKRLKEGGEKSSETQKSR
70 80 90 100 110 120
130 140 150 160 170 180

mo05 -pep LEVLXXXXXXXX XX XX XX XX XX XXX XXX XX XX XX XX KX XXX XXX XXX XXX XX XX XX KX XX

a0os LFVLDFDGDLYAHAVESLRHEITAVLLIAKPEDEVLLRLESPGGVVHGYGLAASQLRRLR
130 140 150 160 170 180
190 200 210 220 230 240

m005 .pep XXXXXXXXXXXXXXASGGYMMACVADKIASAPFAIVGSVGVVAEVPNIHRLLKKHDIDVD

a0os ERNIPLTVAVDKVAASGGYMMACVADKIVSAPFAIVGSVGVVAEVPNIHRLLKKHDIDVD

190 200 210 220 230 240
250 260 270 280 290 300

m005.pep VMTAGEFKRTVTFMGENTEKGKQKFRQELEETHQLFKQFVSENRPQLDIEEVATGEHWEFG

a0os VMTAGEFKRTVTFMGENTEKGKQKFRQELEETHQLFKQFVSENRPQLDIEEVATGEHWEFG
250 260 270 280 290 300
310 320 330 340 350 360

m005.pep RQALALNLIDEISTSDDLLLKAFENKQVIEVKYQEKQSLIQRIGLQAEASVEKLFAKLVN

a0os RQALALNLIDEISTSDDLLLKAFENKQVIEVKYQEKQSLIQRIGLQAEASVEKLFAKLVN
310 320 330 340 350 360

m005.pep RRADVMX

[T
2005 RRADVMX

45
Computer analysis of this amino acid sequence gave the fol-
lowing results:
Homology with a predicted ORF from N. gonorrhoeae
ORF 005 shows 77.0% identity over a 366 aa overlap with a
predicted ORF (ORF 005.ng) from N. gonorrhoeae:
mo05/g005
10 20 30 40 50
mo05 . pep MDNIDMFMPEQEEIQSMWKEILLNYGIFLLELLTVFGATALIVLAIVQSKKQSXSGSV
CELLILTELET TP P T LT
9005 MGMDNIDMFMPEQEEIQSMWKEILLNYGIFLLELLTVFGATALIVLAIVQSKKQSESGCV
10 20 30 40 50
60 70 80 20 100 110

m005.pep VLTDFSENYKKQRQSFEAFFLSGEEAQHQEKEEKKKEKAEAKAEKKRLKEGGEKSAETXK

g005 VLTDFSENYKKQRQSFETFFLSEEETKHQEKKEKKKEKAEAKAEKKRLKEGGEKSAETQK
70 80 90 100 110 120
120 130 140 150 160 170

mO05.pep SRLEFVLXXXXXXXXXXXX KX XX XX KX KX XK KK XX XX KK XX XK KK XX XK KK XK XK HK KKK

g005 SRLFVLDFDGDLYAHAVESLRHEITAVLLIAKPEDEVLLRLESPGGVVHGYGLAASQLRR
130 140 150 160 170 180
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goo5

m005

goo5

m005

goo5

m005

goo5
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-continued
180 190 200 210
pep  XXXXXXXXXXXXXXXXASGGYMMACVADKIASAPFAIVGSVGVVAEVPNIHRLLKKHDID
[EELLEVEEEETT =]
LRERNIPLTVAVDKVAASGGYMMACVADKIVS APFAVIGSVGVVAEVPNIHRLLKKHDID
190 200 210
240 250 260 270
.pep VDVMTAGEFKRTVTFMGENTEKGKQXFRQELEETHQLFKQFVSENRPQLDIEEVATGEHW
CELLLEEEEEEE e ety r
VDVMTAGEFKRTVTFMGENTEKGKQKFRQELEETHOLFKQFVSENRPGLD IEKIATGEHW
250 260 270
300 310 320 330

220 230

220 230
280 290

280 290
340 350

240

300

.pep FGRQALALNLIDEISTSDDLLLKAFENKQVIEVKYQEKQSLIQRIGLQAEASVEKLFAKL

FGRQALALNLIDEISTSDDLLLKAFENKQVIEVKYREKRSLIQRIGLQAEASVEKLFAKL

310 320 330

360
.pep VNRRADVMX

VNRRADVMX

The following partial DNA sequence was identified in N.
gonorrhoeae <SEQ ID 25>:

g006 .seq
1

51
101
151
201
251
301
351
401

451

ATGCTGCTGG TGCTggaatt ttggttCGGe gtGtCGGCGE
tgCGTTGTTT TTATGGCttt TGCCACGTTT TGCCGCCATC
TGTATTTCCG CCTGAACAAC AGCTTGGAAC gegACAACCA
AARGGCGACG AGCGGCAGCT GTACCGCCAT TACGGACTGE
GCGTGTGCTE ATTTCCAACC GCGAAGCCTT CGGCTATCTC
CGGCGATGGE TATTTTGTTC GGCTTTGCTT TTGTGATGAT
GECTACGGCA GCGCGGGGCA TATTTATTCG GTCGGCACTT
GTTTGCCATG AGTTTGGACG ATGTGCCGCG ATTGGTCGAA
ATTTGAAAGA CATCGGACAA CGGATAGAGT GGTCGGAACG

GCCGGAACTT GA

This corresponds to the amino acid sequence <SEQ ID 26;

ORF 006

g006 .pep
1

51
101

151

.ng>:

MLLVLEFWFG VSAVGILALF LWLLPRFAAI SENLYFRLNN

KGDERQLYRH YGLVSRLRVL ISNREAFGYL CVGAAMGILF

340 350

TGGGCatact

AGCGAAAACC

CTTTATCCGA

TTTCGCGCCT

TGCGTCGGCG

GACGCTCAAA

ATCTGTGGAT

CAATATTCCA

GAACATCAAA

40

SLERDNHFIR

GFAFVMMTLK

GYGSAGHIYS VGTYLWMFAM SLDDVPRLVE QYSNLKDIGQ

AGT*

The following partial DNA sequence was identified in N.
meningitidis <SEQ ID 27>:

m006 .seq
1

51

101

151

201

251

ATGCTGCTGG TGCTGGAATT TTGGGTCGGC GTGTCGGCGG

TGCGTTGTTT TTATGGCTTT TGCCACGTTT TGCCGCCATC

TGTATTTCCG CCTGAACAAC AGCTTGGAAC GCGACAACCA

AAAGGCGACC GGCGGCAGCT GTACCGCCAT TACGGACTGC

GCGTGTGCTG ATTTCCAACC GCGAAGCCTT CGGCTATCTC

CGGCGATGGG TATTTTGTTC GGCTTTGCTT TTGTGATGAT

RIEWSERNIK

TGGGCATACT

AGCGAAAACC

CTTTATCCGA

TTGCGCGCCT

TGCGTCGGCA

GACGCTCAAA

360
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-continued
301 GGCTACAGCA GCGCGGEGGCA TGTCTATTCG GTCGGCACTT ATCTGTGGAT
351 GTTTGCCATG AGTTTGGACG ACGTGCCGCG ATTGGTCGAA CAATATTCCA
401 ATTTGAAAGA CATCGGACAA CGGATAGAGT GGTCGGAACG GAACATCAAA
451  GCCGGAACTTGA
This corresponds to the amino acid sequence <SEQ ID 28;
ORF 006>
m006 .pep
1 MLLVLEFWVG VSAVGILALF LWLLPRFAAI SENLYFRLNN SLERDNHFIR
51 KGDRRQLYRH YGLLARLRVL ISNREAFGYL CVGTAMGILF GFAFVMMTLK
101  GYSSAGHVYS VGTYLWMFAM SLDDVPRLVE QYSNLKDIGQ RIEWSERNIK
151  AGT*
20
The following partial DNA sequence was identified in N.
meningitidis <SEQ ID 29>:
a006 .seq
1 ATGCTGCTGG TGCTGGAATT TTGGGTCGGC GTGTCGGCGG TGGGCATACT
51 TGCGTTGTTT TTATGGCTTT TGCCACGTTT TGCCGCCATC AGCGAAAACC
101  TGTATTTCCG CCTGAAGAAC AGCTTGGAAC GCGACAACCA CTTTATCCGA
151 AAAGGCGACG AGCGGCAGCT GGACCGCCAT TACGGACTGC TTGCGCGCCT
201 GCGTGTGCTG ATTTCCAACC GCGAAGCCTT CGGCTATCTC TGCGTCGGCA
251  CGGCGATGGG TATTTTGTTC GGCTTTGCTT TTGTGATGAT GACGCTCAAA
301 GGCTACAGCA GCGCGGEGGCA TGTCTATTCG GTCGGCACTT ATCTGTGGAT
351 GTTTGCCATA AGTTTGGACG ACGTGCCGCG ATTGGTCGAA CAATATTCCA
401 ATTTGAAAGA CATCGGACAA CGGATAGAGT GGTCGAAACG GAACATCAAA
451  GCCGGAACTT GA
This corresponds to the amino acid sequence <SEQ ID 30;
ORF 006.a>
a006 .pep
1 MLLVLEFWVG VSAVGILALF LWLLPRFAAI SENLYFRLKN SLERDNHFIR
51 KGDERQLDRH YGLLARLRVL ISNREAFGYL CVGTAMGILF GFAFVMMTLK
101  GYSSAGHVYS VGTYLWMFAI SLDDVPRLVE QYSNLKDIGQ RIEWSKRNIK
151  AGT*
m006/a006 96.7% identity over a 153 aa overlap
10 20 30 40 50 60

m006 .pep MLLVLEFWVGVSAVGILALFLWLLPRFAAISENLYFRLNNSLERDNHFIRKGDRRQLYRH

a006 MLLVLEFWVGVSAVGILALFLWLLPRFAAISENLYFRLKNSLERDNHF IRKGDERQLDRH
10 20 30 40 50 60

70 80 90 100 110 120

m006 .pep YGLLARLRVLISNREAFGYLCVGTAMGILFGFAFVMMTLKGYSSAGHVYSVGTYLWMFAM
I e

a006 YGLLARLRVLISNREAFGYLCVGTAMGILFGFAFVMMTLKGYSSAGHVYSVGTYLWMFAT

70 80 90 100 110 120
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-continued
130 140 150
m006.pep SLDDVPRLVEQYSNLKDIGORIEWSERNIKAGTX

a006 SLDDVPRLVEQYSNLKDIGQRIEWSKRNIKAGTX
130 140 150

Computer analysis of this amino acid sequence gave the fol-

lowing results:

Homology with a predicted ORF from N. gonorrhoeae

ORF 006 shows 95.4% identity over a 153 aa overlap with a

predicted ORF (ORF 006.ng) from N. gonorrhoeae:
mo06/g006

10 20 30 40 50 60
m006 .pep MLLVLEFWVGVSAVGILALFLWLLPRFAAISENLYFRLNNSLERDNHFIRKGDRRQLYRH

go0o6 MLLVLEFWFGVSAVGILALFLWLLPRFAAI SENLYFRLNNSLERDNHF IRKGDERQLYRH
10 20 30 40 50 60
70 80 90 100 110 120

m006 .pep YGLLARLRVLISNREAFGYLCVGTAMGILFGFAFVMMTLKGYSSAGHVYSVGTYLWMFAM

go0o6 YGLVSRLRVLISNREAFGYLCVGAAMGILFGFAFVMMTLKGYGSAGHIYSVGTYLWMFAM
70 80 90 100 110 120
130 140 150

m006 .pep SLDDVPRLVEQYSNLKDIGQRIEWSERNIKAGTX

glls SLDDVPRLVEQYSNLKDIGQRIEWSERNIKAGT
130 140 150

The following partial DNA sequence was identified in N.

gonorrhoeae <SEQ ID 31>:
g006-1.seq

1 ATGTGGAAAA TGTTGAAACA CATAGCCAAA ACCCACCGCA AGCGATTGAT
51 TGGCACATTT TCCCCGGTCG GACTGGAAAA CCTTTTGATG CTGGGGTATC
101 CGGTGTTTGG CGGCTGGGCG ATTAATGCCG TGATTGCGGG GAGGGTGTGG
151 CAGGCGTTGC TGTACGCTTT GGTTGTATTT TTGATGTGGC TGGTCGGTGC
201 GGCACGGCGG ATTGCCGATA CGCGCACGTT TACGCGGATT TATACCGAAA
251 TCGCCGTGCC GGTTGTGTTG GAACAACGGC AGCGGCAAGT CCCGCATTCA
301 GCGGTAACTG CACGGGTTGC CCTGTCGCGT GAATTTGTCA GCTTTTTTGA
351 AGAACACCTG CCGATTGCCG CGACATCCGT CGTATCCATA TTCGGCGCGT
401 GCATCATGCT GCTGGTGCTG GAATTTTGGG TCGGCGTGTC GGCGGTGGGC
451 ATACTTGCGT TGTTTTTATG GCTTTTGCCA CGTTTTGCCG CCATCAGCGA
501 AAACCTGTAT TTCCGCCTGA ACAACAGCTT GGAACGCGAC AACCACTTTA
551 TCCGAAAAGG CGACGAGCGG CAGCTGTACC GCCATTACGG ACTGGTTTCG
601 CGCCTGCGTG TGCTGATTTC CAACCGCGAA GCCTTCGGCT ATCTCTGCGT
651 CGGCGCGGCG ATGGGTATTT TGTTCGGCTT TGCTTTTGTG ATGATGACGC
701 TCAAAGGCTA CGGCAGCGCG GGGCATATTT ATTCGGTCGG CACTTATCTG
751 TGGATGTTTG CCATGAGTTT GGACGATGTG CCGCGATTGG TCGAACAATA
801 TTCCAATTTG AAAGACATCG GACAACGGAT AGAGTGGTCG GAACGGAACA
851 TCAAAGCCGG AACTTGA

This corresponds to the amino acid sequence <SEQ ID 32;
ORF 006-1.ng>:

g006-1.pep
1 MWKMLKHIAK THRKRLIGTF SPVGLENLLM LGYPVFGGWA INAVIAGRVW
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51

101

151

201

251

The following partial DNA sequence

QALLYALVVF

239
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LMWLVGAARR

AVTARVALSR

ILALFLWLLP

RLRVLISNRE

WMFAMSLDDV

EFVSFFEEHL

RFAAISENLY

AFGYLCVGAA

IADTRTFTRI

PIAATSVVSI

YTEIAVPVVL

FGACIMLLVL

EQRQRQVPHS

EFWVGVSAVG

FRLNNSLERD

MGILEFGFAFV

NHFIRKGDER

MMTLKGYGSA

PRLVEQYSNL

meningitidis <SEQ ID 33>:

mo006-1.seq
1

51
101
151
201
251
301
351
401
451
501
551
601
651
701
751
801

851

ATGTGGAAAR

TGGCACATTT

CGGTGTTTGG

CAGGCGTTGC

GGTGCGGCGG

TCGCCGTGCC

GCGGTAACTG

AGAACACCTG

GCATCATGCT

ATACTTGCGT

AAACCTGTAT

TCCGAAAAGG

CGCCTGCGTG

CGGCACGGCG

TCAAAGGCTA

TGGATGTTTG

TTCCAATTTG

TCAAAGCCGG

TGTTGAAACA

TCCCTGGTCG

CGGCCGGGCG

TGTACGCTTT

ATTGCCGATA

GGTCGTGTTG

CGCGGGTTGC

CCGATTGCCG

GCTGGTGCTG

KDIGQRIEWS

ERNIKAGT*

was identified in N.

CATAGCCCAA

GACTGGAAAA

ATCAATGCCG

GGTTGTGCTT

CGCGCACGTT

GAACAGCGGC

CCTGTCGCGT

CGACATCCGT

GAATTTTGGG

ACCCACCGCA

CCTTTTGATG

TGATTGCGGG

TTGATGTGGC

TACGCGGATT

AGCGACAAGT

GAGTTTGTCA

CGTATCCATA

TCGGCGTGTC

TGTTTTTATG

TTCCGCCTGA

CGACCGGCGG

TGCTGATTTC

ATGGGTATTT

CAGCAGCGCG

CCATGAGTTT

AAAGACATCG

AACTTGA

GCTTTTGCCA

ACAACAGCTT

CAGCTGTACC

CAACCGCGAA

TGTTCGGCTT

GGGCATGTCT

GGACGACGTG

GACAACGGAT

CGTTTTGCCG

GGAACGCGAC

GCCATTACGG

GCCTTCGGCT

TGCTTTTGTG

ATTCGGTCGG

CCGCGATTGG

AGAGTGGTCG

45

This corresponds to the amino acid sequence <SEQ ID 34;

ORF 006-1>:

m006-1.pep
1

51
101
151
201

251

MWKMLKHIAQ

QALLYALVVL

THRKRLIGTF

LMWLVGAVRR

AVTARVALSR
ILALFLWLLP
RLRVLISNRE

WMFAMSLDDV

EFVSFFEEHL

RFAAISENLY

AFGYLCVGTA

SLVGLENLLM

IADTRTFTRI

PIAATSVVSI

LVYPVFGGRA

YTEIAVPVVL

FGACIMLLVL

QLYRHYGLVS

GHIYSVGTYL

AGCGATTGAT

CTGGTGTATC

GGAGGTGTGG

TGGTCGGTGC

TATACCGAAA

CCCGCATTCG

GCTTTTTTGA

TTCGGCGCGT

GGCGGTGGGC

CCATCAGCGA

AACCACTTTA

ACTGCTTGCG

ATCTCTGCGT

ATGATGACGC

CACTTATCTG

TCGAACAATA

GAACGGAACA

INAVIAGEVW

EQRQRQVPHS

EFWVGVSAVG

FRLNNSLERD

MGILEFGFAFV

NHFIRKGDRR

MMTLKGYSSA

PRLVEQYSNL

KDIGQRIEWS

m006-1/g006-1 95.5% identity in 288 aa overlap

ERNIKAGT*

QLYRHYGLLA

GHVYSVGTYL
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g006-1

mo006-1.pep

g006-1

mo006-1.pep

g006-1

mo006-1.pep

g006-1

mo006-1.pep

g006-1
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10 20 30 40 50 60
MWKMLKHIAQTHRKRLIGTFSLVGLENLLMLVYPVFGGRAINAVIAGEVWQALLYALVVL
CELCC LT LT L T LT
MWKMLKHIAKTHRKRLIGTFSPVGLENLLMLGYPVFGGWAINAVIAGRVWQALLYALVVF

10 20 30 40 50 60

70 80 90 100 110 120
LMWLVGAVRRIADTRTFTRIYTEIAVPVVLEQRQRQVPHSAVTARVALSREFVSFFEEHL
CELLC LU DDLU
LMWLVGAARRIADTRTFTRIYTEIAVPVVLEQRQRQVPHSAVTARVALSREFVSFFEEHL

70 80 90 100 110 120

130 140 150 160 170 180
PIAATSVVSIFGACIMLLVLEFWVGVSAVGILALFLWLLPRFAAISENLYFRLNNSLERD
CEPEEEEEEERE T e e e e e e e e e
PIAATSVVSIFGACIMLLVLEFWVGVSAVGILALFLWLLPRFAAI SENLYFRLNNSLERD

130 140 150 160 170 180

190 200 210 220 230 240
NHFIRKGDRROLYRHYGLLARLRVLI SNREAFGYLCVGTAMGILEGFAFVMMTLKGYS SA
COTLELE = EPEE L s TPV = PO LT =
NHFIRKGDERQL YRHYGLVSRLRVLI SNREAFGYLCVGARMGILEGFAFVMMTLKGYGSA

190 200 210 220 230 240

250 260 270 280 289
GHVY SVGTYLWMFAMS LDDVPRLVEQY SNLKD IGOR TEWSERNIKAGTX

GHIYSVGTYLWMFAMSLDDVPRLVEQYSNLKDIGQRIEWSERNIKAGTX
250 260 270 280

The following partial DNA sequence was identified in N.
meningitidis <SEQ ID 35>:

a006-1.seq (partial)

1

.AGCCAAAACC ACCGCAAGCG ATTGATTGGC ACATTTTTTC TGGTCGGACT

51 GGAAAACCTT TTGATGCTGG TGTATCCGGT GTTTGGCGGC TGGGCGATTA
101 ATGCCGTGAT TGCGGGGCAG GCGTGGCAGG CGTTGCTGTA CGCTTTGGTT
151 GTGCTTTTGA TGTGGCTGGT CGGTGCGGCG CGGCGGATTG CCGATACGCG
201 CACGTTTACG CGGATTTATA CCGAAATCGC CGTGCCGGTT GTGTTGGAAC
251 AGCGGCAGCG GCAAGTCCCG CATTCGGCGG TAACTGCGCG GGTTGCCCTG
301 TCGCGTGAGT TTGTCAGCTT TTTTGAAGAA CACCTGCCGA TTGCCGCGAC
351 ATCCGTCGTA TCCATATTCG GCGCGTGCAT CATGCTGCTG GTGCTGGAAT
401 TTTGGGTCGG CGTGTCGGCG GTGGGCATAC TTGCGTTGTT TTTATGGCTT
451 TTGCCACGTT TTGCCGCCAT CAGCGAAAAC CTGTATTTCC GCCTGAAGAA
501 CAGCTTGGAA CGCGACAACC ACTTTATCCG AAAAGGCGAC GAGCGGCAGC
551 TGGACCGCCA TTACGGACTG CTTGCGCGCC TGCGTGTGCT GATTTCCAAC
601 CGCGAAGCCT TCGGCTATCT CTGCGTCGGC ACGGCGATGG GTATTTTGTT
651 CGGCTTTGCT TTTGTGATGA TGACGCTCAA AGGCTACAGC AGCGCGGGGC
701 ATGTCTATTC GGTCGGCACT TATCTGTGGA TGTTTGCCAT AAGTTTGGAC
751 GACGTGCCGC GATTGGTCGA ACAATATTCC AATTTGAAAG ACATCGGACA
801 ACGGATAGAG TGGTCGAAAC GGAACATCAA AGCCGGAACT TGA

This corresponds to the amino acid sequence <SEQ ID 36;

ORF 006-1.a>:

a006-1.pep (partial)

1 . . SQNHRKRLIG TFFLVGLENL LMLVYPVFGG WAINAVIAGQ AWQALLYALV
51 VLLMWLVGAA RRIADTRTFT RIYTEIAVPV VLEQRQRQVP HSAVTARVAL
101 SREFVSFFEE HLPIAATSVV SIFGACIMLL VLEFWVGVSA VGILALFLWL

151 LPRFAAISEN LYFRLKNSLE RDNHFIRKGD ERQLDRHYGL LARLRVLISN
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-continued
201 REAFGYLCVG TAMGILFGFA FVMMTLKGYS SAGHVYSVGT YLWMFAISLD
251 DVPRLVEQYS NLKDIGQRIE WSKRNIKAGT *

a006-1/m006-1 95.7% identity in 280 aa overlap

a006-1.pep

mo06-1

a006-1.pep

mo06-1

a006-1.pep

mo06-1

a006-1.pep

mo06-1

a006-1.pep

mo06-1

10 20 30 40 50
SONHRKRLIGTFFLVGLENLLMLVYPVFGGWAINAVIAGOAWQALLYALVVL
RN

MWKMLKHIAQTHRKRLIGTFSLVGLENLLMLVYPVFGGRAINAVIAGEVWQALLYALVVL
10 20 30 40 50 60

60 70 80 90 100 110
LMWLVGAARRIADTRTFTRIYTEIAVPVVLEQRQRQVPHSAVTARVALSREFVSFFEEHL
AN
LMWLVGAVRRIADTRTFTRIYTEIAVPVVLEQRQRQVPHSAVTARVALSREFVSFFEEHL

70 80 90 100 110 120

120 130 140 150 160 170
PIAATSVVSIFGACIMLLVLEFWVGVSAVGILALFLWLLPRFAAISENLYFRLKNSLERD
CEPETEEEEERE T e e e = e
PIAATSVVSIFGACIMLLVLEFWVGVSAVGILALFLWLLPRFAAI SENLYFRLNNSLERD

130 140 150 160 170 180

180 190 200 210 220 230
NHFIRKGDERQLDRHYGLLARLRVLISNREAFGYLCVGTAMGILFGFAFVMMTLKGYSSA
I
NHFIRKGDRRQLYRHYGLLARLRVLISNREAFGYLCVGTAMGILFGFAFVMMTLKGYSSA

190 200 210 220 230 240

240 250 260 270 280
GHVYSVGTYLWMFAISLDDVPRLVEQYSNLKDIGQRIEWSKRNIKAGTX

CEELEEEETER = LT P = e
GHVYSVGTYLWMFAMS LDDVPRLVEQYSNLKDIGOR TEWSERNIKAGTX
250 260 270 280

The following partial DNA sequence was identified in N.
gonorrhoeae <SEQ ID 37>:

g007.seq

1 atgaACACAA CCCGACTGCC GACCGCCTTC ATCTTGTGCT GCCTCTGegC

51 CGCcGCTTCT GCCGecgaca acAGCatcat gaCaAAAGGG CAAAAAGTGT

101 ACGAATCcAa CtGCATCGCC TGCCACGGCA AGAAAGGGGA AGGGCGCGGC

151 ACTGCGLTTC CTccgctTTT CCggtcgGac tgtattatga acaAACCGCa

201 cgTCCtgectyg cacagcatgg tcaaaggcAt cgacgggaca ttcaaagtgg

251 agcggcaaaa cctacgacgg atttatgCcc gcaaccgcca tcagcgATGC

301 GGACATTGCC GCCGTCGCCA CTTATATCAT GAACGCCTTT GA

This corresponds to the amino acid sequence <SEQ ID 38;

ORF 007.ng>:

g007.pep

1 MNTTRLPTAF ILCCLCAAAS AADNSIMTKG QKVYESNCIA CHGKKGEGRG

51 TAFPPLFRSD CIMNKPHVLL HSMVKGIDGT FKVERQNLRR IYARNRHQRC

101 GHCRRRHLYH ERL*

The following partial DNA sequence was identified in N.
meningitidis <SEQ ID 39>:

m007.seq

1 ATGAACACAA CCCGACTGCC GACCGCCCTC GTCTTGGGCT GCTTCTGCGC

51 CGCCGCTTCT GCCGCCGACA ACAGCATCAT GACAAAAGGG CAAAAAGTGT

101 ACGAATCCAA CTGCGTCGCC TGCCACGGCA AAAAGGGCGA AGGCCGCGGA
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-continued

151 ACCATGTTTC CGCCGCTCTA CCGCTCCGAC TTCATCATGA
201 GGTGCTGCTG CACAGCATGG TCAAAGGCAT CAACGGTACA
251 AACGGCAAAA CCTACAACGG ATTCATGCCC GCAACCGCCA

301 GGACATTGCC GCCGTCGCCA CTTATATCAT GAACGCCTTT

This corresponds to the amino acid sequence <SEQ ID 40;
ORF 007>

m007.pep
1 MNTTRLPTAL VLGCFCAAAS AADNSIMTKG QKVYESNCVA

51 TMFPPLYRSD FIMKKPQVLL HSMVKGINGT IKVXRQNLQR

101 GHCRRRHLYH ERL*

The following partial DNA sequence was identified in N.
meningitidis <SEQ ID 41>:

a007.seq
1 ATGAACACAA CCCGACTGCC GACCGCCCTC GTCTTGGGCT
51 CGCCGCTTCT GCCGCCGACA ACAGCATCAT GACAAAAGGG
101 ACGAATCCAA CTGCGTCGCC TGCCACGGCA AAAAGGGCGA
151 ACCATGTTTC CGCCGCTCTA CCGCTCCGAC TTCATCATGA
201 GGTGCTGCTG CACAGCATGG TCAAAGGCAT CAACGGTACA
251 AACGGCAAAA CCTACAACGG ATTCATGCCC GCCACTGCCA

301 GGACATTGCC GCCGTCGCCA CTTATATCAT GAACGCCTTT

This corresponds to the amino acid sequence <SEQ ID 42;
ORF 007.a>:

a007.pep
1 MNTTRLPTAL VLGCLCAAAS AADNSIMTKG QKVYESNCVA

51 TMFPPLYRSD FIMKKPQVLL HSMVKGINGT IKVXRQNLQR

101  GHCRRRHLYH ERL¥
m007/a007 97.3% identity over a 113 aa overlap

10 20 30

AAAAACCGCA

ATCAAAGTC.

TCAGCGATGC

GA

CHGKKGEGRG

THARNRHQRC

GCCTCTGCGC

CAAAAAGTGT

AGGCCGCGGA

AAAAACCGCA

ATCAAAGTC.

TCAGCGATGC

GA

35

CHGKKGEGRG

THARHCHQRC

40 50

60

m007.pep MNTTRLPTALVLGCFCAAASAADNSIMTKGQKVYESNCVACHGKKGEGRGTMFPPLYRSD

aoo7 MNTTRLPTALVLGCLCAAASAADNSIMTKGQKVYESNCVACHGKKGEGRGTMFPPLYRSD
10 20 30 40 50 60
70 80 90 100 110

m007.pep FIMKKPQVLLHSMVKGINGTIKVXRONLOQRIHARNRHQRCGHCRRRHLYHERLX

aoo7 FIMKKPQVLLHSMVKGINGTIKVXRONLQRIHARHCHQRCGHCRRRHLYHERLX
100

70 80 90

Computer analysis of this amino acid sequence gave the fol-
lowing results:

Homology with a predicted ORF from N. gonorrhoeae
ORF 007 shows 86.7% identity over a 113 aa overlap with a
predicted ORF (ORF 007.ng) from N. gonorrhoeae:

110
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mo07/g007
10 20 30 40 50 60
m007.pep  MNTTRLPTALVLGCECAAASAADNS IMTKGQKVYESNCVACHGKKGEGRGTMFPPLYRSD

g007 MNTTRLPTAFILCCLCAAASAADNS IMTKGQKVYESNCIACHGKKGEGRGTAFPPLFRSD
10 20 30 40 50 60
70 80 90 100 110

m007.pep FIMKKPQVLLHSMVKGINGTIKVXRONLQOQRIHARNRHQRCGHCRRRHLYHERLX

g007 CIMNKPHVLLHSMVKGIDGTFKVERQNLRRIYARNRHQRCGHCRRRHLYHERL
70 80 90 100 110

The following partial DNA sequence was identified in N.
gonorrhoeae <SEQ ID 43>:

go007-1.seq (partial)

1 ATGAACACAA CCCGACTGCC GACCGCCTTC ATCTTGTGCT GCCTCTGCGC
51 CGCCGCTTCT GCCGCCGACA ACAGCATCAT GACAAAAGGG CAAAAAGTGT
101 ACGAATCCAA CTGCATCGCC TGCCACGGCA AGAAAGGGGA AGGGCGCGGC
151 ACTGCGTTTC CTCCGCTTTT CCGGTCGGAC TATATTATGA ACAAACCGCA
201 CGTCCTGCTG CACAGCATGG TCAAAGGCAT CAACGGTACA ATCAAAGTCA
251 ACGGCAAAAC CTACAACGGA TTCATGCCCG CAACCGCCAT CAGCGATGCG
301 GACATTGCCG CCGTCGCCAC TTATATCATG AACGCCTTTG ACAACGGCGG
351 CGGAAGCGTT ACCGAAAAAG ACGTAAAACA GGCAAAAGGC AAAAAAAAC.

30

This corresponds to the amino acid sequence <SEQ ID 44;
ORF 007-1.ng>:

g007-1.pep (partial)

1 MNTTRLPTAF ILCCLCAAAS AADNSIMTKG QKVYESNCIA CHGKKGEGRG
51 TAFPPLFRSD YIMNKPHVLL HSMVKGINGT IKVNGKTYNG FMPATAISDA
101 DIAAVATYIM NAFDNGGGSV TEKDVKQAKG KKN. ..
40

The following partial DNA sequence was identified in N.
meningitidis <SEQ ID 45>:

m007-1.seq

1 ATGAACACAA CCCGACTGCC GACCGCCCTC GTCTTGGGCT GCTTCTGCGC
51 CGCCGCTTCT GCCGCCGACA ACAGCATCAT GACAAAAGGG CAAAAAGTGT
101 ACGAATCCAA CTGCGTCGCC TGCCACGGCA AAAAGGGCGA AGGCCGCGGA
151 ACCATGTTTC CGCCGCTCTA CCGCTCCGAC TTCATCATGA AAAAACCGCA
201 GGTGCTGCTG CACAGCATGG TCAAAGGCAT CAACGGTACA ATCAAAGTCA
251 ACGGCAAAAC CTACAACGGA TTCATGCCCG CAACCGCCAT CAGCGATGCG
301 GACATTGCCG CCGTCGCCAC TTATATCATG AACGCCTTTG ACAACGGCGE
351 CGGAAGCGTT ACCGAAAAAG ACGTAAAACA GGCAAAAAGC AAAAAAAACT
401 An

This corresponds to the amino acid sequence <SEQ ID 46; 60

ORF 007-1>

m007-1.pep

1 MNTTRLPTAL VLGCFCAAAS AADNSIMTKG QKVYESNCVA CHGKKGEGRG

248
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-continued

TMFPPLYRSD FIMKKPQVLL HSMVKGINGT IKVNGKTYNG FMPATAISDA

DIAAVATYIM NAFDNGGGSV TEKDVKQAKS KKN*

m007-1/g007-1 91.7% identity in 133 aa overlap

mo07-1.

go07-1

mo07-1.

go07-1

mo07-1.

go07-1

bep

bep

bep

10 20 30 40 50 60
MNTTRLPTALVLGCFCAAASAADNSIMTKGQKVYESNCVACHGKKGEGRGTMFPPLYRSD
UL e L =D L L=
MNTTRLPTAFILCCLCAAASAADNSIMTKGQKVYESNCIACHGKKGEGRGTAFPPLFRSD

10 20 30 40 50 60

70 80 90 100 110 120
FIMKKPQVLLHSMVKGINGTIKVNGKTYNGFMPATAISDADI AAVATY IMNAFDNGGGSY
S P EE LT EEE T LT T T
YIMNKPHVLLHSMVKGINGTIKVNGKTYNGFMPATATSDADI AAVATY IMNAFDNGGGSY

70 80 90 100 110 120
130
TEKDVKOAKSKKINX

TEKDVKQAKGKKN
130

The following partial DNA sequence was identified in N.
meningitidis <SEQ ID 47>:

a007-1.seq
1

51
101
151
201
251
301

351

(partial)
ATGAACACAA CCCGACTGCC GACCGCCCTC GTCTTGGGCT GCCTCTGCGC

CGCCGCTTCT GCCGCCGACA ACAGCATCAT GACAAAAGGG CAAAAAGTGT

ACGAATCCAA CTGCGTCGCC TGCCACGGCA AAAAGGGCGA AGGCCGCGGA

ACCATGTTTC CGCCGCTCTA CCGCTCCGAC TTCATCATGA AAAAACCGCA

GGTGCTGCTG CACAGCATGG TCAAAGGCAT CAACGGTACA ATCAAAGTCA

ACGGCAAAAC CTACAACGGA TTCATGCCCG CCACTGCCAT CAGCGATGCG

GACATTGCCG CCGTCGCCAC TTATATCATG AACGCCTTTG ACAACGGCGG

CGGAAGCGTT ACCGAAAAAG ACGTAAAACA GGCAAAAAAC AAAAAA. .

This corresponds to the amino acid sequence <SEQ ID 48;
ORF 007-1.a>:

a007-1.pep
1

51

101

(partial)
MNTTRLPTAL VLGCLCAAAS AADNSIMTKG QKVYESNCVA CHGKKGEGRG

TMFPPLYRSD FIMKKPQVLL HSMVKGINGT IKVNGKTYNG FMPATAISDA

DIAAVATYIM NAFDNGGGSV TEKDVKQAKN KK. .

m007-1/a007-1 98.5% identity in 132 aa overlap

mo07-1.

a007-1

mo07-1.

a007-1

mo07-1.

a007-1

bep

bep

bep

10 20 30 40 50 60
MNTTRLPTALVLGCFCAAASAADNSIMTKGQKVYESNCVACHGKKGEGRGTMFPPLYRSD
IS
MNTTRLPTALVLGCLCAAASAADNSIMTKGQKVYESNCVACHGKKGEGRGTMFPPLYRSD

10 20 30 40 50 60

70 80 90 100 110 120
FIMKKPQVLLHSMVKGINGTIKVNGKTYNGFMPATAISDADI AAVATY IMNAFDNGGGSY
CEPLTLLETELEE e e e e e e e e e
FIMKKPQVLLHSMVKGINGTIKVNGKTYNGFMPATAISDADI AAVATY IMNAFDNGGGSY
70 80 920 100 110 120
130
TEKDVKOAKSKKMX
LTI
TEKDVKQAKNKK
130
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The following partial DNA sequence was identified in N.
gonorrhoeae <SEQ ID 49>:

goog.fquTGAACAACA GACATTTTGC CGTCAtcgCC TTGGGCAGCA ACCTTGACAA
51 CCCCGCACAA CAAATacgcg gcgcattaga cgcgctcecteg tceccatccetg
101 acatccgget tgaaCaggtt tcctcactgt aTatgaccge acctgtcecggt
151 tacgAcaaTC agcccgATTT CATCaatgcc gTCTgcaccg TTTCCACCAC
201 CEtTGGACGGC ATTGcccTGC TTGCCgaACT CAACcCgTATC GAAGCCGATT
251 TCGGACGCGA aCGCAGTTTC CGCAATGCAC CGCGCACATT GGATTTGGAC
301 ATTATCGACT TTGACGGCAT CTCCAGCGAC GACCCCCGCC TTACCCTGCC
351 GCATCCGCGC GCGCACGAAC GCAGTTTCGT CATACGCCCT TTGGCAGAAA
401 TCCTCCCTGA TTTTATTTTG GGAAAATACG GAAAGGTTGT CGAATTGTCA

451 AAACGGCTGG GCAATCAAGG CATCCGTCTT TTACCGGACA GGTAA

This corresponds to the amino acid sequence <SEQ ID 50;
ORF 008.ng>:

g008.pep
1 MNNRHFAVIA LGSNLDNPAQ QIRGALDALS SHPDIRLEQV SSLYMTAPVG
51 YDNQPDFINA VCTVSTTLDG IALLAELNRI EADFGRERSF RNAPRTLDLD
101 IIDFDGISSD DPRLTLPHPR AHERSFVIRP LAEILPDFIL GKYGKVVELS

151 KRLGNQGIRL LPDR*

The following partial DNA sequence was identified in N.
meningitidis <SEQ ID 51>:

moosafquTGAACAACA GACATTTTGC CGTCATCGCC CTGGGCAGTA ATCTTGAAAA
51 CCCTGCTCAA CAGGTACGCG CCGCATTGGA CACGCTGTCG TCCCATCCTG
101 ACATCCGTCT TAAACAGGCT TCCTCACTGT ATATGACCGC GCCCGTCGGT
151 TACGACAATC AGCCCGATTT TGTCAATGCC GTCTGCACCG TTTCCACCAC
201 TCTGGACGGC ATTGCCYyTGC TTGCCGAACT CAACCGTATC GAGGCTGATT
251 TCGGACGCGA ACGCAGCTTC CGCAACGCGC CGCGCACATT GKATTTGGAC
301 ATTATCGACT TTGACGGCAT CTCCAGCGAC GACACsCGAC TcACCLTGCC
351 GCATCCGCGC GCGCACGAAC GCAGTTTCGT CATCCGCCCT TTGGCAGAAA
401 TCCTCCCTGA TTTTGTTTTA GGAAAACACG GAAAGGTTGC CGAATTGTCA

451 AAACGGYTGG GCAATCAAGG TATCCGTCTT TTACCGGACA GGTAATT

This corresponds to the amino acid sequence <SEQ ID 52;
ORF 008>:

m008 .pep
1 MNNRHFAVIA LGSNLENPAQ QVRAALDTLS SHPDIRLKQA SSLYMTAPVG

51 YDNQPDFVNA VCTVSTTLDG IALLAELNRI EADFGRERSF RNAPRTLXLD
101 IIDFDGISSD DTRLTLPHPR AHERSFVIRP LAEILPDFVL GKHGKVAELS

151 KRLGNQGIRL LPDR*



US 9,266,929 B2
253

The following partial DNA sequence was identified in N.
meningitidis <SEQ ID 53>:

a008.seq
1

51
101
151
201
251
301
351
401

451

ATGAACAACA GACATTTTGC CGTCATCGCC CTGGGCAGTA ATCTTGAAAA

CCCTGCCCAA CAGGTACGCG CCGCATTGGA CACGCTGTCG TCCCATCCTG

ACATCCGTCT TAAACAGGCT TCCTCACTGT ATATGACCGC GCCCGTCGGT

TACGACAATC AGCCCGATTT CGTCAATGCC GTCTGCACCG TTTCCACCAC

CTTGGACGGC ATTGCCCTGC TTGCCGAACT CAACCGTATC GAAGCCGATT

TCGGACGCGA ACGCAGCTTC CGCAACGCGC CGCGCACATT GGATTTGGAC

ATTATCGACT TTGACGGCAT CTCCAGCGAC GACCCCCGAC TCACCCTGCC

GCATCCGCGC GCGCACGAAC GCAGTTTCGT CATACGCCCT TTGGCAGAAA

TCCTCCCTGA TTTTATTTTG GGAAAACACG GAAAGGTTGC CGAATTGTCA

AAACGGCTGG GCAATCAAGG CATCCGTCTT TTACCGGATA AGTAA

This corresponds to the amino acid sequence <SEQ ID 54;

ORF 008.

a008.pep
1

51
101

151

a>:

MNNRHFAVIA LGSNLENPAQ QVRAALDTLS SHPDIRLKQA SSLYMTAPVG

YDNQPDFVNA VCTVSTTLDG IALLAELNRI EADFGRERSF RNAPRTLDLD

IIDFDGISSD DPRLTLPHPR AHERSFVIRP LAEILPDFIL GKHGKVAELS

KRLGNQGIRL LPDK*

m008/a008 97.6% identity over a 164 aa overlap

mo08

aoos

mo08

aoos

mo08

aoos

-pep

-pep

-pep

10 20 30 40 50 60
MNNRHFAV IALGSNLENPAQQOVRAALDTLS SHPDIRLKQASSLYMTAPVGYDNQPDFVNA
CETLELTETEEE T P e e e e e e e e e
MNNRHFAVIALGSNLENPAQQVRAALDTLS SHPDIRLKQASSLYMTAPVGYDNQPDFVNA

10 20 30 40 50 60

70 80 90 100 110 120
VCTVSTTLDGIALLAELNRI EADFGRERSFRNAPRTLXLDIIDFDGIS SDDTRLTLPHPR
COTUETEEEET P L e e e P e e i
VCTVSTTLDGIALLAELNRI EADFGRERSFRNAPRTLDLDIIDFDGI S SDDPRLTLPHPR

70 80 920 100 110 120

130 140 150 160
AHERSFVIRPLAEILPDFVLGKHGKVAELSKRLGNQGIRLLPDRX
LU UL T |
AHERSFVIRPLAEILPDFILGKHGKVAELSKRLGNQGIRLLPDKX

130 140 150 160

Computer analysis of this amino acid sequence gave the fol- 50

lowing results:

Homology with a predicted ORF from N. gonorrhoeae
ORF 008 shows 92.7% identity over a 164 aa overlap with a
predicted ORF (ORF008.ng) from N. gonorrhoeae:

mo08/g008

mo08

goos

mo08

goos

mo08

goos

-pep

-pep

-pep

10 20 30 40 50 60
MNNRHFAVIALGSNLENPAQQOVRAALDTLSSHPDIRLKQASSLYMTAPVGYDNQPDFVNA
LD LT L DL DL L LT |
MNNRHFAVIALGSNLDNPAQQIRGALDALSSHPDIRLEQVSSLYMTAPVGYDNQPDFINA

10 20 30 40 50 60

70 80 90 100 110 120
VCTVSTTLDGIALLAELNRI EADFGRERSFRNAPRTLXLDIIDFDGIS SDDTRLTLPHPR
COTUETEEEET P L e e e P e e i
VCTVSTTLDGIALLAELNRI EADFGRERSFRNAPRTLDLDIIDFDGI S SDDPRLTLPHPR
70 80 90 100 110 120
130 140 150 160
AHERSFVIRPLAEILPDFVLGKHGKVAELSKRLGNQGIRLLPDRX
RN S R Ry
AHERSFVIRPLAEILPDFILGKYGKVVELSKRLGNQGIRLLPDRX
130 140 150 160
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The following partial DNA sequence was identified in N.
gonorrhoeae <SEQ ID 55>:

g009.seq
1 ATGCCCCGCG CTGCCGTAGC CTTTGAGCGT CATCATCACA AAAGCAAAGC
51 CGAACAAAAT ACCCATCGCC GCGCCGACGC AGAGATAGCC GAAGGCTTCG
101  CGGTTGGAAA TCAGCACACG CAGGCGCGAA ACCAGTCCGT AATGGCGGTA
151 CAGCTGCCGC TCGTCGCCTT TTCGGATAAA GTGGTTGTCg CGTTCCAAGC
201 TGTTGTTCAG GCGGAARATAC AGGTTTTCGC TGATGGCGGC AAAACGTGGC
251 AaaaGCCATA A
. . . 15
This corresponds to the amino acid sequence <SEQ ID 56;
ORF 009.ng>:
g009 .pep
1  MPRAAVAFER HHHKSKAEQN THRRADAEIA EGFAVGNQHT QARNQSVMAV
51  QLPLVAFSDK VVVAFQAVVQ AEIQVFADGG KTWQKP*
The following partial DNA sequence was identified in N.
meningitidis <SEQ ID 57>:
m009 .seq
1 ATGCCCCGCG CTGCTGTAGC CTTTGAGCGT CATCATCACA AAAGCAAAGC
51 CGAACAAAAT ACCCATCGCC GTGCCGACGC AGAGATAGCC GAAGGCTTCG
101  CGGTTGGAAA TCAGCACACG CAGGCGCGCA AGCAGTCCGT AATGGCGGTA
151 CAGCTGCCGC CGGTCGCCTT TTCGGATAAA GTGGTTGTCG CGTTCCAAGC
201 TGTTGTTCAG GCGGAARATAC AGGTTTTCGC TGATGGCGGC AAAACGTGGC

251 AAAAGCCATA A

This corresponds to the amino acid sequence <SEQ ID 58;
ORF 009>

m009 .pep
1 MPRAAVAFER HHHKSKAEQN THRRADAEIA EGFAVGNQHT QARKQSVMAV

51 QLPPVAFSDK VVVAFQAVVQ AEIQVFADGG KTWQKP*

Computer analysis of this amino acid sequence gave the fol-
lowing results:

Homology with a predicted ORF from N. gonorrhoeae
ORF 009 shows 97.7% identity over a 86 aa overlap with a
predicted ORF (ORF 009.ng) from N. gonorrhoeae:

mo09,/g009
10 20 30 40 50 60
m009.pep MPRAAVAFERHHHKSKAEQNTHRRADAEIAEGFAVGNQHTQARKQSVMAVQLPPVAFSDK

g009 MPRAAVAFERHHHKSKAEQNTHRRADAEIAEGFAVGNQHTQARNQSVMAVQLPLVAFSDK
10 20 30 40 50 60
70 80

m009 .pep VVVAFQAVVQAEIQVFADGGKTWQKPX

CETTEETECETE LT
g009 VVVAFQAVVOAEIQVFADGGKTWOKPX
70 80

The following partial DNA sequence was identified in N.
meningitidis <SEQ ID 59>:

a009.seq
1 ATGCCCCGCG CTGCTGTAGC CTTTGAGCGT CATCATCACA AAAGCAAAGC
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-continued
CGAACAAAAT ACCCATCGCC GTGCCGACGC AGAGATAGCC GAAGGCTTCG
CGGTTGGAAA TCAGCACACG CAGGCGCGCA AGCAGTCCGT AATGGCGGTC
CAGCTGCCGC TCGTCGCCTT TTCGGATAAA GTGGTTGTCG CGTTCCAAGC
TGTTCTTCAG GCGGAAATAC AGGTTTTCGC TGATGGCGGC AAAACGTGGC

AAAAGCCATA A

This corresponds to the amino acid sequence <SEQ ID 60;
ORF 009.a>:

a009 .pep
1

51

MPRAAVAFER HHHKSKAEQN THRRADAEIA EGFAVGNQHT QARKQSVMAV

QLPLVAFSDK VVVAFQAVLQ AEIQVFADGG KTWQKP*

m009/a009 97.7% identity over a 86 aa overlap

mo09

a0o09

mo09

a0o09

10 20 30 40 50 60
.pep MPRAAVAFERHHHKSKAEQNTHRRADAEIAEGFAVGNQHTQARKQSVMAVQLPPVAFSDK
COVETEECTEEECEEE e e e e e e e e e e e e ey e
MPRAAVAFERHHHKSKAEQNTHRRADAEIAEGFAVGNQHTQARKQS VMAVQLPLVAFSDK
10 20 30 40 50 60
70 80
.pep VVVAFQAVVQAEIQVFADGGKTWQKPX

VVVAFQAVLQAEIQVFADGGKTWQKPX
70 80

The following partial DNA sequence was identified in N.
gonorrhoeae <SEQ ID 61>:

g01l0.seq
1

51
101
151
201
251
301
351
401
451
501
551
601
651
701
751
801

851

ATGGGTTTTC CTGTTCGCAA GTTTGATGCC GTGATTGTCG GCGGTGGCGG
TGCAGGTTTA CGTGCAGCCC TCCAATTATC CAAATCCGGT TTGAATTGTG
CCGTTTTGTC TAAAGTGTTC CCGACCCGCT CGCATACCGT AGCGGCGCAG
GGCGGTATTT CCGCCTCTCT GGGTAATGTG CAGGAGGACC GTTGGGACTG
GCACATGTAC GATACCGTGA AAGGTTCCGA CTGGCTGGGC GACCAAGATG
CGATTGAGTT TATGTGTCGC GCTGCGCCTG AAGCGGTGAT TGAGTTGGAA
CACATGGGTA TGCCTTTTGA CCGCGTTGAA AGCGGCAAAA TTTATCAGCG
TCCTTTCGGC GGACATACTG CCGAACATGG TAAACGTGCG GTAGAACGTG
CATGTGCGGT TGCCGACCGT ACCGGTCATG CGATGTTGCA TACTTTGTAC
CAACAAAACG TCCGTGCCAA TACACAATTC TTTGTGGAAT GGACGGCGCA
AGATTTGATT CGTGATGAAA ACGGCGATGT CGTCGGCGTA ACCGCCATGG
AAATGGAAAC GGGCGAAGTT TATATTTTCC ACGCCAAGGC CGTGATGTTT
GCTACCGGTG GCGGCGGTCG TATTTATGCT TCTTCTACCA ATGCTTATAT
GAATACCGGT GACGGTTTGG GCATTTGCGC CCGTGCGGGC ATTCCGTTGG
AAGATATGGA ATTCTGGCAA TTCCACCCGA CCGGCGTGGC GGGTGCGGGC
GTGTTGATTA CCGAAGGCGT ACGCGGCGAG GGCGGTATTC TGTTGAacgc
cgacggcgaA cgcTTTATGG AAcgctatgce GCcgACCGta aRagaCTTGG

CTTCTCGCga cgtGGTTTCA CgcgcGatgG CGatggaAAt ctatgaaggt

258



901

951

1001

1051

1101

1151

1201

cgeggetgTa
CggtGCAGAA
TTCagtttgc
ACTACCCACT
TGTTGTTCCG
CCGCAGGTGA

ACGAACTCCC

259
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GtaaAAAcaA agaCCacgtC
AAAATTATGG AAAAACTGCC
CGGTATCGAT CCGATTAAAG
ATATGATGGG CGGCATTCcg
CAAGGCGACG AGTACGAAGT
GTGCGCCTGT GCTTCCGTAC

TGCTGGACTT GGTGGTGTTC

TTACTGAAAA

GGGCATCCGC

ACCCGATTcc

aCCAATTATC

ACCTGTAAAR

ACGGTGCGAA

cgcccaacce

US 9,266,929 B2

This corresponds to the amino acid sequence <SEQ ID 62;

ORF 010.

g010.pep
1

51
101
151
201
251
301
351

401

ng>:

MGFPVRKEDA
GGISASLGNV
HMGMPFDRVE
QONVRANTQF
ATGGGGRIYA
VLITEGVRGE
RGCGKNKDHV
TTHYMMGGIP

TNSLLDLVVF

VIVGGGGAGL RAALQLSKSG

QEDRWDWHMY DTVKGSDWLG

SGKIYQRPFG GHTAEHGKRA

FVEWTAQDLI RDENGDVVGV

SSTNAYMNTG DGLGICARAG

GGILLNADGE RFMERYAPTV

LLKIDHIGAE KIMEKLPGIR

TNYHGEVVVP QGDEYEVPVK

RPTPR*

LNCAVLSKVF

DQDAIEFMCR

VERACAVADR

TAMEMETGEV

IPLEDMEFWQ

KDLASRDVVS

EISIQFAGID

GLYAAGECAC

The following partial DNA sequence was identified in N.
meningitidis <SEQ ID 63>:

m0l1l0.seq
1

51
101
151
201
251
301
351
401
451
501
551
601

651

(PARTIAL)

.NTCCAATTAT CCAAATCCGG

CCCGACCCGT TCGCATACCG

TGGGTAATGT GCAGGAAGAC

AAAGGTTCCG ACTGGTTGGG

CGCCGCGCCT GAAGCCGTAA

ACCGTGTGGA AAGCGGTAAA

GCCGAACACG GTAAACGCGC

TACAGGTCAT GCGATGCTGC

ATACGCAATT CTTTGTGGAA

AACGGCGATG TCGTCGGCGT

TTATATTTTC CACGCTAAAG

GTATTTATGC GTCTTCTACC

GGTATTTGTG CGCGTGCAGG

ATTCCAGCCG ACCGGCGTGG

TCTGAATTGT

TAGCGGCGCA

CGTTGGGACT

CGACCAAGAT

TTGAGTTGGA

ATTTATCAGC

GGTAGAACGC

ATACTTTGTA

TGGACGGCAC

AACCGCCATG

CTGTGATGTT

AATGCCTATA

TATCCCGTTG

CGGGTGCGGG

GCCGTTTTGT
GGGCGGTATT
GGCACATGTA
GCGATTGAGT
ACACATGGGT
GTCCTTTCGG
GyCTGTGCGG
CCAACAAAAC
AAGATTTGAT
GAAATGGAAA
TGCTACCGGC
TGAATACCGG
GAAGACATGG

CGTGTTGATT

TCGACCAtAt
GAGATTTCCA
ggttgTGCCG
ACGGTGAAGT
GGCCTGTATG
CCGTTTGGGT

cceggtga

PTRSHTVAAQ
AAPEAVIELE
TGHAMLHTLY
YIFHAKAVMF
FHPTGVAGAG
RAMAMEIYEG
PIKDPIPVVP

ASVHGANRLG

CTAAAGTGTT
TCCGCCTCTn
CGATACCGTG
TTATGTGCCG
ATGCCTTTTG
CGGCCATACT
TTGCCGACCG
GTCCGTGCCA
TCGTGATGAA
CCGGCGAAGT
GGCGGCGGTC
CGATGGTTTG
AATTCTGGCA

ACCGARA. ...

60

This corresponds to the amino acid sequence <SEQ ID 64;
ORF 010>

m010.pep
1

(PARTIAL)

. . XQLSKSGLNC

AVLSKVFPTR SHTVAAQGGI SASXGNVQED RWDWHMYDTV

260



51

101

151

201

KGSDWLGDQD AIEFMCRAAP EAVIELEHMG MPFDRVESGK IYQRPFGGHT

AEHGKRAVER XCAVADRTGH AMLHTLYQQON VRANTQFFVE WTAQDLIRDE

NGDVVGVTAM EMETGEVYIF HAKAVMFATG GGGRIYASST NAYMNTGDGL

261
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GICARAGIPL EDMEFWQFQP TGVAGAGVLI TE...

The following partial DNA sequence was identified in N.
meningitidis <SEQ ID 65>:

a0l10.seq

1

51

101

151

201

251

301

351

401

451

501

551

601

651

701

751

801

851

901

951

1001

1051

1101

1151

1201

1251

1301

1351

1401

1451

1501

1551

1601

ATGGGCTTTC

TGCAGGTTTA

CCGTTTTGTC

GGCGGTATTT

GCACATGTAC

CGATTGAGTT

CACATGGGTA

TCCTTTCGGC

CCTGTGCNGT

CAACAAAATG

AGATTTGATT

AAATGGAAAC

GCTACCGGCG

GAATACCGGC

AAGACATGGA

GTGTTGATTA

CGACGGCGAA

CTTCTCGCGA

CGCGGCTGCG

CGGCGCAGAA

TTCAGTTCGC

ACTACCCACT

TGTCGTTCCT

CGGCAGGTGA

ACGAACTCCC

CATGATTAAA

ATGCCGGCGA

GATGGTGAAA

ATTGCACGCC

GAGAAGTCAT

AAGAGCAAAG

CCTAATTGAA

AATCACGCGG

CTGTTCGCAA

CGCGCANCCC

TAAAGTGTTC

CCGCCTCTCT

GATACCGTGA

TATGTGCCGC

TGCCTTTTGA

GGCCATACTG

TGCCGACCGT

TCCGTGCCAA

CGTGATGAAA

CGGCGARAGTT

GCGGCGGCCE

GATGGTTTGG

ATTCTGGCAA

CCGAAGGCGT

CGCTTTATGG

CGTTGTTTCC

GTAAAAACAA

AAAATTATGG

CGGTATCGAT

ATATGATGGG

CAAGGCGACG

GTGCGCCTGT

TGCTGGACTT

TTCATCAAAG

ACTGACCCGC

ACGTTGATGC

GGCGTGTTCC

GGCGATTGCC

TGTGGAATAC

GTGGCGAAAG

TGCGCACGCT

GTTTGATGCC

TCCAATTATC

CCGACCCGTT

GGGTAATGTG

AAGGTTCCGA

GCCGCGCCTG

CCGTGTGGAA

CCGAACACGG

ACAGGTCATG

TACGCAATTC

ACGGCGATGT

TATATTTTCC

TATTTATGCG

GTATTTGTGC

TTCCACCCGA

ACGCGGCGAG

AACGCTATGC

CGCGCGATGG

AGACCATGTC

AAAAACTGCC

CCGATTAAAG

CGGTATTCCG

AATACGAAGT

GCTTCCGTAC

AGTGGTATTC

AGCAAAGCGA

CAACGTATCG

ATTGCGCCGC

GTACTGATGA

GAGCGTGTGA

CGCGCGTATC

CGACTTTGGT

TCAGACGACC

GTGATTGTCG

CAAATCCGGT

CGCATACCGT

CAGGAAGACC

CTGGTTGGGC

AAGCCGTAAT

AGCGGTAAAR

TAAACGCGCG

CGATGCTGCA

TTTGTGGAAT

CGTCGGCGTA

ACGCTAAAGC

TCTTCTACCA

GCGTGCAGGT

CCGGCGTGGC

GGCGGTATTC

GCCGACCGTA

CGATGGAAAT

TTACTGAAAA

GGGCATCCGC

ACCCGATTCC

ACCAACTACC

GCCTGTAAAA

ACGGTGCGAA

GGTAAAGCTG

CTGGAAACCT

AGCGTTTGGA

GAACTGCAAC

GATTCTGAGC

AACGTACCGA

GAGGCTTTGG

GTCTGCCGAA

ATCCTGAGCG

GCGGTGGTGG

CTGAATTGTG

AGCGGCGCAG

GTTGGGACTG

GACCAAGATG

TGAGTTGGAA

TTTATCAGCG

GTAGAACGCG

TACTTTGTAC

GGACGGCACA

ACCGCCATGG

TGTGATGTTT

ATGCCTATAT

ATCCCGTTGG

AGGTGCGGGC

TGTTGAATGC

AAAGACTTGG

CTACGAAGGT

TCGACCATAT

GAGATTTCCA

CGTTGTGCCG

ATGGCGAAGT

GGTCTGTATG

CCGCTTGGGT

CCGGCGACAG

TTGCCTGCTA

CAATCAAACT

GCTCCGTACA

AAAGGCGTTC

AATCAAAGAC

AATTGGATAA

GCACGTAAAG

CGATGATGAA

262
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-continued
1651 AACTGGATGA AACATACGCT GTACCATTCA GATGCCAATA CCTTGTCCTA

1701 CAAACCGGTG CACACCAAGC CTTTGAGCGT GGAATACATC AAACCGGCCA

1751 AGCGCGTTTA TTGA

This corresponds to the amino acid sequence <SEQ ID 66;
ORF 010.a>:

010.

: fepMGFPVRKFDA VIVGGGGAGL RAXLQLSKSG LNCAVLSKVF PTRSHTVAAQ
51 GGISASLGNV QEDRWDWHMY DTVKGSDWLG DQDAIEFMCR AAPEAVIELE
101 HMGMPFDRVE SGKIYQRPFG GHTAEHGKRA VERACAVADR TGHAMLHTLY
151 QONVRANTQF FVEWTAQDLI RDENGDVVGV TAMEMETGEV YIFHAKAVMF
201 ATGGGGRIYA SSTNAYMNTG DGLGICARAG IPLEDMEFWQ FHPTGVAGAG
251 VLITEGVRGE GGILLNADGE RFMERYAPTV KDLASRDVVS RAMAMEIYEG
301 RGCGKNKDHV LLKIDHIGAE KIMEKLPGIR EISIQFAGID PIKDPIPVVP
351 TTHYMMGGIP TNYHGEVVVP QGDEYEVPVK GLYAAGECAC ASVHGANRLG
401 TNSLLDLVVF GKAAGDSMIK FIKEQSDWKP LPANAGELTR QRIERLDNQT
451 DGENVDALRR ELQRSVQLHA GVFRTDEILS KGVREVMAIA ERVKRTEIKD
501 KSKVWNTARI EALELDNLIE VAKATLVSAE ARKESRGAHA SDDHPERDDE

551 NWMKHTLYHS DANTLSYKPV HTKPLSVEYI KPAKRVY*

m010/a010 98.7% identity over a 231 aa overlap

10 20 30
m010.pep XQLSKSGLNCAVLSKVEPTRSHIVARQGGI SASXGNV
CETLEETELELEE LT P
a010 MGFPVRKFDAVIVGGGGAGLRAXLOLSKSGLNCAVLSKVFPTRSHTVARQGGI SASLGNY
10 20 30 40 50 60

40 50 60 70 80 20

m010.pep QEDRWDWHMYDTVKGSDWLGDQDAIEFMCRAAPEAVIELEHMGMPFDRVESGKIYQRPFG

a0lo QEDRWDWHMYDTVKGSDWLGDQDAIEFMCRAAPEAVIELEHMGMPFDRVESGKIYQRPFG
70 80 90 100 110 120

100 110 120 130 140 150
m010.pep GHTAEHGKRAVERXCAVADRTGHAMLHTLYQQONVRANTQFFVEWTAQDLIRDENGDVVGV

a0lo GHTAEHGKRAVERACAVADRTGHAMLHTLYQQONVRANTQFFVEWTAQDLIRDENGDVVGV
130 140 150 160 170 180

160 170 180 190 200 210
m010.pep TAMEMETGEVYIFHAKAVMFATGGGGRIYASSTNAYMNTGDGLGICARAGIPLEDMEFWQ

CETLELETELEL LT
a010 TAMEMETGEVYIFHAKAVMFATGGGGRI YASS TNAYMNTGDGLG I CARAGI PLEDMEFHQ
190 200 210 220 230 240

220 230
m01l0.pep FQPTGVAGAGVLITE

a0lo FHPTGVAGAGVLITEGVRGEGGILLNADGERFMERYAPTVKDLASRDVVSRAMAMEIYEG
250 260 270 280 290 300

Computer analysis of this amino acid sequence gave the fol-
lowing results:

Homology with a predicted ORF from N. gonorrhoeae
ORF 010 shows 98.7% identity over a 231 aa overlap with a
predicted ORF (ORF 010.ng) from N. gonorrhoeae:

m010.pep/g01l0.pep

10 20 30
m010.pep XQLSKSGLNCAVLSKVEPTRSHIVARQGGI SASXGNV

CETLEETELELEE LT P
go10 MGFPVRKFDAVIVGGGGAGLRAALOLSKSGLNCAVLSKVFPTRSHTVARQGGI SASLGNY

10 20 30 40 50 60



m010.pep

go10

m010.pep

go10

m010.pep

go10

m010.pep

go10

US 9,266,929 B2
265

-continued
40 50 60 70 80 90
QEDRWDWHMYDTVKGS DWLGDQDAI EFMCRAAPEAV IELEHMGMPFDRVESGKIYQRPFG
CELVLLEEEEEE LT e et e et e e e e
QEDRWDWHMYDTVKGSDWLGDQDAI EFMCRAAPEAV IELEHMGMPFDRVESGKIYQRPFG
70 80 90 100 110 120

100 110 120 130 140 150
GHTAEHGKRAVERXCAVADRTGHAMLHTLYQONVRANTQFFVEWTAQDLIRDENGDVVGY
CETEEEEEETE L L L LT
GHTAEHGKRAVERACAVADRTGHAMLHTLYQONVRANTQFFVEWTAQDLIRDENGDVVGY

130 140 150 160 170 180

160 170 180 190 200 210

TAMEMETGEVYIFHAKAVMFATGGGGRI YASS TNAYMNTGDGLG I CARAGT PLEDMEFHQ

CETLELETELEL LT

TAMEMETGEVYIFHAKAVMFATGGGGRI YASS TNAYMNTGDGLG I CARAGI PLEDMEFHQ
190 200 210 220 230 240

220 230

FOPTGVAGAGVLITE

FHPTGVAGAGVLITEGVRGEGGILLNADGERFMERYAPTVKDLASRDVVSRAMAMEIYEG
250 260 270 280 290 300

The following partial DNA sequence was identified in N.
gonorrhoeae <SEQ ID 67>:

g01l0-1.seq. .
1

51
101
151
201
251
301
351
401
451
501
551
601
651
701
751
801
851
901
951

1001
1051
1101
1151

1201

ATGGGTTTTC CTGTTCGCAA GTTTGATGCC GTGATTGTCG GCGGTGGCGG
TGCAGGTTTA CGTGCAGCCC TCCAATTATC CAAATCCGGT TTGAATTGTG
CCGTTTTGTC TAAAGTGTTC CCGACCCGCT CGCATACCGT AGCGGCGCAG
GGCGGTATTT CCGCCTCTCT GGGTAATGTG CAGGAGGACC GTTGGGACTG
GCACATGTAC GATACCGTGA AAGGTTCCGA CTGGCTGGGC GACCAAGATG
CGATTGAGTT TATGTGTCGC GCTGCGCCTG AAGCGGTGAT TGAGTTGGAA
CACATGGGTA TGCCTTTTGA CCGCGTTGAA AGCGGCAAAA TTTATCAGCG
TCCTTTCGGC GGACATACTG CCGAACATGG TAAACGTGCG GTAGAACGTG
CATGTGCGGT TGCCGACCGT ACCGGTCATG CGATGTTGCA TACTTTGTAC
CAACAAAACG TCCGTGCCAA TACACAATTC TTTGTGGAAT GGACGGCGCA
AGATTTGATT CGTGATGAAA ACGGCGATGT CGTCGGCGTA ACCGCCATGG
AAATGGAAAC GGGCGAAGTT TATATTTTCC ACGCCAAGGC CGTGATGTTT
GCTACCGGTG GCGGCGGTCG TATTTATGCT TCTTCTACCA ATGCTTATAT
GAATACCGGT GACGGTTTGG GCATTTGCGC CCGTGCGGGC ATTCCGTTGG
AAGATATGGA ATTCTGGCAA TTCCACCCGA CCGGCGTGGC GGGTGCGGGC
GTGTTGATTA CCGAAGGCGT ACGCGGCGAG GGCGGTATTC TGTTGAACGC
CGACGGCGAA CGCTTTATGG AACGCTATGC GCCGACCGTA AAAGACTTGG
CTTCTCGCGA CGTGGTTTCA CGCGCGATGG CGATGGAAAT CTATGAAGGT
CGCGGCTGTG GTAAAAACAA AGACCACGTC TTACTGAAAA TCGACCATAT
CGGTGCAGAA AAAATTATGG AAAAACTGCC GGGCATCCGC GAGATTTCCA
TTCAGTTTGC CGGTATCGAT CCGATTAAAG ACCCGATTCC GGTTGTGCCG
ACTACCCACT ATATGATGGG CGGCATTCCG ACCAATTATC ACGGTGAAGT
TGTTGTTCCG CAAGGCGACG AGTACGAAGT ACCTGTAAAA GGCCTGTATG
CCGCAGGTGA GTGCGCCTGT GCTTCCGTAC ACGGTGCGAA CCGTTTGGGT

ACGAACTCCC TGCTGGACTT GGTGGTGTTC cgcccaaccce cccggtga

65

266
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This corresponds to the amino acid sequence <SEQ ID 68; ORF 010-1.ng>:

g010-1.pep

1 MGFPVRKFDA VIVGGGGAGL RAALQLSKSG LNCAVLSKVF PTRSHTVAAQ
51 GGISASLGNV QEDRWDWHMY DTVKGSDWLG DQDAIEFMCR AAPEAVIELE
101 HMGMPFDRVE SGKIYQRPFG GHTAEHGKRA VERACAVADR TGHAMLHTLY
151 QONVRANTQF FVEWTAQDLI RDENGDVVGV TAMEMETGEV YIFHAKAVMF
201 ATGGGGRIYA SSTNAYMNTG DGLGICARAG IPLEDMEFWQ FHPTGVAGAG
251 VLITEGVRGE GGILLNADGE RFMERYAPTV KDLASRDVVS RAMAMEIYEG
301 RGCGKNKDHV LLKIDHIGAE KIMEKLPGIR EISIQFAGID PIKDPIPVVP
351 TTHYMMGGIP TNYHGEVVVP QGDEYEVPVK GLYAAGECAC ASVHGANRLG
401 TNSLLDLVVF RPTPR*

£010-1/P10444

Sp|PlO444|DHSPLECOLI SUCCINATE DEHYDROGENASE FLAVOPROTEIN SUBUNIT

gnl|PID|d1015210 (D90711) Succinate dehydrogenase, flavoprotein

[Escherichia coli] gi|1786942 (AE000175) succinate dehydrogenase

flavoprotein subunit [Escherichia coli] Length = 588

Score = 1073 (495.6 bits), Expect = 6.7e-169, Sum P(2) = 6.7e-169

Identities = 191/303 (63%), Pogitives = 238/303 (78%

Query: 1MGFPVRKFDAV IVXXXXXXXXXXXXXSKSGLNCAVLSKVFPTRSHTVAAQGGISASLGNV
M PVR+FDAV++ S+SG CA+LSKVFPTRSHTV+AQGGI+ +LGN

Sbjct: 1MKLPVREFDAVVIGAGGAGMRAALQI SQSGQTCALLSKVFPTRSHTVSAQGGITVALGNT

Query: 61QEDRWDWHMYDTVKGSDWLGDQDAIEFMCRAAPEAVIELEHMGMPFDRVESGKIYQRPFG
ED W+WHMYDTVKGSD++GDQDAIE+MC+ PEA++ELEHMG+PF R++ G+IYQRPFG
Sbjct: 61HEDNWEWHMYDTVKGSDYIGDQDAIEYMCKTGPEAILELEHMGLPFSRLDDGRIYQRPFG

Query: 121GHTAEHGKRAVERACAVADRTGHAMLHTLYQONVRANTQFFVEWTAQDLIRDENGDVVGV
G + G R A ADRTGHA+LHTLYQQON++ +T F EW A DL+4+++++G VVG
Sbjct: 121 GQSKNFGGEQAARTAAAADRTGHALLHTLYQONLKNHTTIFSEWYALDLVKNQDGAVVGC

Query: 181 TAMEMETGEVYIFHAKAVMFATGGGGRIYASSTNAYMNTGDGLGICARAGIPLEDMEFWQ
TA+ +ETGEV F A+A + ATGG GRIY S+TNA++NTGDG+G+ RAG+P++DME WQ
Sbjct: 181 TALCIETGEVVYFKARATVLATGGAGRIYQSTTNAHINTGDGVGMAIRAGVPVQDMEMWQ

Query: 241FHPTGVAGAGVLITEGVRGEGGILLNADGERFMERYAPTVKDLASRDVVSRAMAMEIYEG
FHPTG+AGAGVL+TEG RGEGG LLN GERFMERYAP KDLA RDVV+R++ +EI EG
Sbjct: 241 FHPTGIAGAGVLVTEGCRGEGGYLLNKHGERFMERYAPNAKDLAGRDVVARSIMIEIREG

Query: 301RGC
RGC
Sbjct: 301RGC

Score = 249 (115.0 bits), Expect = 6.7e-169, Sum P(2) = 6.7e-169

Identities = 53/102 (51%), Positives = 62/102 (60%

Query: 309HVLLKIDHIGAEKIMEKLPGIREISIQFAGXXXXXXXXXXXXTTHYMMGGIPTNYHGEVV
H LK+DH+G E + +LPGI E+S FA T HYMMGGIPT G+ +

Sbjct: 310HAKLKLDHLGKEVLESRLPGILELSRTFAHVDPVKEPIPVIPTCHYMMGGIPTKVTGQAL

Query: 369VPQGDEYEVPVKGLYAAGECACASVHGANRLGTNSLLDLVVF

+V V GL+A GE AC SVHGANRLG NSLLDLVVF
Sbjct: 370 TVNEKGEDVVVPGLFAVGEIACVSVHGANRLGGNSLLDLVVF

The following partial DNA sequence was identified in N.
meningitidis <SEQ ID 69>:

m0l1l0-1.seq. .

1 ATGGGTTTTC CTGTTCGCAA GTTTGATGCC GTGATTGTCG GCGGTGGTGG
51 TGCAGGTTTA CGCGCAGCCC TCCAATTATC CAAATCCGGT CTGAATTGTG
101 CCGTTTTGTC TAAAGTGTTC CCGACCCGTT CGCATACCGT AGCGGCGCAg
151 GGCGGTATTT CCGCCTCTCT GGGTAATGTG CAGGAAGACC GTTGGGACTG
201 GCACATGTAC GATACCGTGA AAGGTTCCGA CTGGTTGGGC GACCAAGATG

251 CGATTGAGTT TATGTGCCGC GCCGCGCCTG AAGCCGTAAT TGAGTTGGAA

60

60

120

120

180

180

240

240

300

300

303

303

368

369

410

411

268



301

351

401

451

501

551

601

651

701

751

801

851

901

951

1001

1051

1101

1151

1201

1251

1301

1351

1401

1451

1501

1551

1601

1651

1701

1751

CACATGGGTA

TCCTTTCGGC

CCTGTGCGGT

CAACAAAACG

AGATTTGATT

AAATGGAAAC

GCTACCGGCG

GAATACCGGC

AAGACATGGA

GTGTTGATTA

CGACGGCGAA

CTTCTCGCGA

CGCGGCTGCG

CGGCGCAGAA

TTCAGTTCGC

ACTACCCACT

TGTCGTTCCG

CGGCAGGTGA

ACCAACTCCC

CATGATTAAA

ATGCAGGTGA

GATGGTGAAA

ACTGCACGCC

GAGAAGTCAT

AAGAGCAAAG

CCTGATTGAA

AATCACGCGG

AACTGGATGA

CAAACCGGTG

AGCGCGTTTA
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TGCCTTTTGA

GGCCATACTG

TGCCGACCGT

TCCGTGCCAA

CGTGATGAAA

CGGCGAAGTT

GCGGCGGTCG

GATGGTTTGG

ATTCTGGCAA

CCGAAGGCGT

CGCTTTATGG

CGTTGTTTCC

GTAAAAACAA

AAAATTATGG

CGGTATCGAT

ATATGATGGG

CAAGGTGAAG

GTGCGCTTGT

TGTTGGACTT

TTCATCAAAG

GTTGACCCGC

ACGTTGATGC

GGCGTGTTCC

GGCGATTGCC

TGTGGAATAC

GTGGCGAAAG

TGCGCACGCT

AACATACGCT

CACACCAAGC

TTGATGA

CCGTGTGGAA

CCGAACACGG

ACAGGTCATG

TACGCAATTC

ACGGCGATGT

TATATTTTCC

TATTTATGCG

GTATTTGTGC

TTCCACCCGA

ACGCGGCGAG

AACGCTATGC

CGCGCGATGG

AGACCATGTC

AAAAACTGCC

CCGATTAAAG

CGGCATTCCG

ATTACGAAGT

GCTTCCGTAC

GGTGGTATTC

AGCAAAGCGA

CAACGTATCG

ATTGCGTCGC

GTACTGATGA

GAGCGTGTGA

CGCGCGTATC

CGACTTTGGT

TCAGACGACC

GTACCATTCA

CTTTGAGCGT

AGCGGTAAAR

TAAACGCGCG

CGATGCTGCA

TTTGTGGAAT

CGTCGGCGTA

ACGCTAAAGC

TCTTCTACCA

GCGTGCAGGT

CCGGCGTGGC

GGCGGTATTC

GCCGACCGTA

CGATGGAAAT

TTACTGAAAA

GGGCATCCGC

ACCCGATTCC

ACCAATTACC

GCCTGTAAAA

ACGGTGCGAA

GGTAAAGCTG

CTGGAAACCT

AGCGTTTGGA

GAACTGCAAC

GATTCTGAGC

AACGTACCGA

GAGGCTTTGG

GTCTGCCGAA

ATCCTGAGCG

GATATCAATA

GGAATACATC

This corresponds to the amino acid sequence <SEQ ID 70;

ORF 010-1>:

m0l10-1.pep. .

1

51

101

151

201

251

301

MGFPVRKFDA

GGISASLGNV

HMGMPFDRVE

QONVRANTQF

ATGGGGRIYA

VLITEGVRGE

RGCGKNKDHV

VIVGGGGAGL

QEDRWDWHMY

SGKIYQRPFG

FVEWTAQDLI

SSTNAYMNTG

GGILLNADGE

LLKIDHIGAE

RAALQLSKSG

DTVKGSDWLG

GHTAEHGKRA

RDENGDVVGV

DGLGICARAG

RFMERYAPTV

KIMEKLPGIR

LNCAVLSKVF

DODAIEFMCR

VERACAVADR

TAMEMETGEV

IPLEDMEFWQ

KDLASRDVVS

EISIQFAGID

TTTATCAGCG

GTAGAACGCG

TACTTTGTAC

GGACGGCACA

ACCGCCATGG

TGTGATGTTT

ATGCCTATAT

ATCCCGTTGG

GGGTGCGGGC

TGTTGAATGC

ARAGACTTGG

CTACGAAGGT

TCGACCATAT

GAGATTTCCA

CGTTGTGCCG

ACGGCGAAGT

GGTCTGTATG

CCGCTTGGGT

CCGGCGACAG

TTGCCTGCTA

CAACCARACC

GCTCTGTACA

ARAGGCGTTC

AATCAAAGAC

AATTGGATAA

GCACGTAAAG

CGATGATGAA

CCTTGTCCTA

AAACCGGCCA

PTRSHTVAAQ

AAPEAVIELE

TGHAMLHTLY

YIFHAKAVMF

FHPTGVAGAG

RAMAMEIYEG

PIKDPIPVVP

270



351

401

451

501

551
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-continued

TTHYMMGGIP TNYHGEVVVP QGEDYEVPVK GLYAAGECAC ASVHGANRLG

TNSLLDLVVF GKAAGDSMIK FIKEQSDWKP LPANAGELTR QRIERLDNQT

DGENVDALRR ELQRSVQLHA GVFRTDEILS KGVREVMAIA ERVKRTEIKD

KSKVWNTARI EALELDNLIE VAKATLVSAE ARKESRGAHA SDDHPERDDE

NWMKHTLYHS DINTLSYKPV HTKPLSVEYI KPAKRVY*

m010-1/g010-199.5% identity in 410 aa overlap

m010-1

g010-1

m010-1

g010-1

m010-1

g010-1

m010-1

g010-1

m010-1

g010-1

m010-1

g010-1

m010-1

g010-1

m010-1

-pep

-pep

-pep

-pep

-pep

-pep

-pep

-pep

10 20 30 40 50 60
MGFPVRKFDAVIVGGGGAGLRAALOLSKSGLNCAVLSKVFPTRSHTVARQGGI SASLGNY
CETLETEEELEE TP LT LT
MGFPVRKFDAVIVGGGGAGLRAALOLSKSGLNCAVLSKVFPTRSHTVARQGGI SASLGNY

10 20 30 40 50 60

70 80 90 100 110 120
QEDRWDWHMYDTVKGSDWLGDQDATEFMCRAAPEAV I ELEHMGMPEDRVESGKI YORPFG
CETLETEECEREE P e e e e e e e e
QEDRWDWHMYDTVKGSDWLGDQDAIEFMCRAAPEAY I ELEHMGMPFDRVESGKI YORPFG

70 80 920 100 110 120

130 140 150 160 170 180
GHTAEHGKRAVERACAVADRTGHAMLHTLYQONVRANTQFFVEWTAQDLIRDENGDVVGY
CELETEEEEELEE P L L L L P T
GHTAEHGKRAVERACAVADRTGHAMLHTLYQONVRANTQFFVEWTAQDLIRDENGDVVGY

130 140 150 160 170 180

190 200 210 220 230 240
TAMEMETGEVYIFHAKAVMFATGGGGRI YASS TNAYMNTGDGLG I CARAGI PLEDMEFHQ
CEPLELET LT E e
TAMEMETGEVYIFHAKAVMFATGGGGRI YASS TNAYMNTGDGLG I CARAGI PLEDMEFHQ

190 200 210 220 230 240

250 260 270 280 290 300
FHPTGVAGAGVLITEGVRGEGGILLNADGERFMERYAPTVKDLASRDVVSRAMAMEIYEG
CETEEEEEEELEL T LT LT LT
FHPTGVAGAGVLITEGVRGEGGILLNADGERFMERYAPTVKDLASRDVVSRAMAMEIYEG

250 260 270 280 290 300

310 320 330 340 350 360
RGCGKNKDHVLLKIDHIGAEKIMEKLPGIREISIQFAGIDPIKDPIPVVPTTHYMMGGIP
|||||||||||||||||||||||||||| COTDELTEEET LT L L
CGKNKDHVLLKIDHIGAEKIMEKLPGIREI SIQFAGIDPIKDPIPVVPTTHYMMGGIP

310 320 330 340 350 360

370 380 390 400 410 420
TNYHGEVVVPQGEDYEVPVKGLYAAGECACASVHGANRLGTNSLLDLVVFGKAAGDSMIK
NI
TNYHGEVVVPQGDEYEVPVKGLYAAGECACASVHGANRLGTNSLLDLVVFRPTPRX

370 380 390 400 410

430 440 450 460 470 480
FIKEQSDWKPLPANAGELTRQRIERLDNQTDGENVDALRRELQRSVQLHAGVFRTDEILS

The following partial DNA sequence was identified in N.
meningitidis <SEQ ID 71>:

a010-1.seq. .

1

51

101

151

201

251

301

351

401

451

ATGGGCTTTC CTGTTCGCAA GTTTGATGCC GTGATTGTCG GCGGTGGTGG

TGCAGGTTTA CGCGCANCCC TCCAATTATC CAAATCCGGT CTGAATTGTG

CCGTTTTGTC TAAAGTGTTC CCGACCCGTT CGCATACCGT AGCGGCGCAG

GGCGGTATTT CCGCCTCTCT GGGTAATGTG CAGGAAGACC GTTGGGACTG

GCACATGTAC GATACCGTGA AAGGTTCCGA CTGGTTGGGC GACCAAGATG

CGATTGAGTT TATGTGCCGC GCCGCGCCTG AAGCCGTAAT TGAGTTGGAA

CACATGGGTA TGCCTTTTGA CCGTGTGGAA AGCGGTAAAA TTTATCAGCG

TCCTTTCGGC GGCCATACTG CCGAACACGG TAAACGCGCG GTAGAACGCG

CCTGTGCNGT TGCCGACCGT ACAGGTCATG CGATGCTGCA TACTTTGTAC

CAACAAAATG TCCGTGCCAA TACGCAATTC TTTGTGGAAT GGACGGCACA

272



501

551

601

651

701

751

801

851

901

951

1001

1051

1101

1151

1201

1251

1301

1351

1401

1451

1501

1551

1601

1651

1701

1751

AGATTTGATT

AAATGGAAAC

GCTACCGGCG

GAATACCGGC

AAGACATGGA

GTGTTGATTA

CGACGGCGAA

CTTCTCGCGA

CGCGGCTGCG

CGGCGCAGAA

TTCAGTTCGC

ACTACCCACT

TGTCGTTCCT

CGGCAGGTGA

ACGAACTCCC

CATGATTAAA

ATGCCGGCGA

GATGGTGAAA

ATTGCACGCC

GAGAAGTCAT

AAGAGCAAAG

CCTAATTGAA

AATCACGCGG

AACTGGATGA

CAAACCGGTG

AGCGCGTTTA
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CGTGATGAAA

CGGCGAAGTT

GCGGCGGCCE

GATGGTTTGG

ATTCTGGCAA

CCGAAGGCGT

CGCTTTATGG

CGTTGTTTCC

GTAAAAACAA

AAAATTATGG

CGGTATCGAT

ATATGATGGG

CAAGGCGACG

GTGCGCCTGT

TGCTGGACTT

TTCATCAAAG

ACTGACCCGC

ACGTTGATGC

GGCGTGTTCC

GGCGATTGCC

TGTGGAATAC

GTGGCGAAAG

TGCGCACGCT

AACATACGCT

CACACCAAGC

TTGA

ACGGCGATGT

TATATTTTCC

TATTTATGCG

GTATTTGTGC

TTCCACCCGA

ACGCGGCGAG

AACGCTATGC

CGCGCGATGG

AGACCATGTC

AAAAACTGCC

CCGATTAAAG

CGGTATTCCG

AATACGAAGT

GCTTCCGTAC

AGTGGTATTC

AGCAAAGCGA

CAACGTATCG

ATTGCGCCGC

GTACTGATGA

GAGCGTGTGA

CGCGCGTATC

CGACTTTGGT

TCAGACGACC

GTACCATTCA

CTTTGAGCGT

CGTCGGCGTA

ACGCTAAAGC

TCTTCTACCA

GCGTGCAGGT

CCGGCGTGGC

GGCGGTATTC

GCCGACCGTA

CGATGGAAAT

TTACTGAAAA

GGGCATCCGC

ACCCGATTCC

ACCAACTACC

GCCTGTAAAA

ACGGTGCGAA

GGTAAAGCTG

CTGGAAACCT

AGCGTTTGGA

GAACTGCAAC

GATTCTGAGC

AACGTACCGA

GAGGCTTTGG

GTCTGCCGAA

ATCCTGAGCG

GATGCCAATA

GGAATACATC

This corresponds to the amino acid sequence <SEQ 1D 72; 45

ORF 010-1.a>:

a010-1.pep. .

1

51

101

151

201

251

301

351

401

451

501

MGFPVRKFDA

GGISASLGNV

HMGMPFDRVE

QONVRANTQF

ATGGGGRIYA

VLITEGVRGE

RGCGKNKDHV

TTHYMMGGIP

TNSLLDLVVF

DGENVDALRR

KSKVWNTARI

VIVGGGGAGL

QEDRWDWHMY

SGKIYQRPFG

FVEWTAQDLI

SSTNAYMNTG

GGILLNADGE

LLKIDHIGAE

TNYHGEVVVP

GKAAGDSMIK

ELQRSVQLHA

EALELDNLIE

RAXLQLSKSG

DTVKGSDWLG

GHTAEHGKRA

RDENGDVVGV

DGLGICARAG

RFMERYAPTV

KIMEKLPGIR

QGDEYEVPVK

FIKEQSDWKP

GVFRTDEILS

VAKATLVSAE

LNCAVLSKVF

DODAIEFMCR

VERACAVADR

TAMEMETGEV

IPLEDMEFWQ

KDLASRDVVS

EISIQFAGID

GLYAAGECAC

LPANAGELTR

KGVREVMAIA

ARKESRGAHA

ACCGCCATGG

TGTGATGTTT

ATGCCTATAT

ATCCCGTTGG

AGGTGCGGGC

TGTTGAATGC

ARAGACTTGG

CTACGAAGGT

TCGACCATAT

GAGATTTCCA

CGTTGTGCCG

ATGGCGAAGT

GGTCTGTATG

CCGCTTGGGT

CCGGCGACAG

TTGCCTGCTA

CAATCAARACT

GCTCCGTACA

ARAGGCGTTC

AATCAAAGAC

AATTGGATAA

GCACGTAAAG

CGATGATGAA

CCTTGTCCTA

AAACCGGCCA

PTRSHTVAAQ

AAPEAVIELE

TGHAMLHTLY

YIFHAKAVMF

FHPTGVAGAG

RAMAMEIYEG

PIKDPIPVVP

ASVHGANRLG

QRIERLDNQT

ERVKRTEIKD

SDDHPERDDE

274
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NWMKHTLYHS DANTLSYKPV HTKPLSVEYI KPAKRVY*

m010-1/a010-199.3% identity in 587 aa overlap

a0l10-1

a0l10-1

a0l10-1

m010-1

a0l10-1

m010-1

a0l10-1

m010-1

a0l10-1

m010-1

a0l10-1

m010-1

a0l10-1

m010-1

a0l10-1

m010-1

a0l10-1

m010-1

a0l10-1

m010-1

-pep

-pep

-pep

-pep

-pep

-pep

-pep

-pep

-pep

-pep

10 20 30 40 50 60
MGFPVRKFDAVIVGGGGAGLRAXLOLSKSGLNCAVLSKVFPTRSHTVARQGGI SASLGNY
CETLETETEL LT e FEee e e e e e e e e
MGFPVRKFDAVIVGGGGAGLRAALOLSKSGLNCAVLSKVFPTRSHTVARQGGI SASLGNY

10 20 30 40 50 60

70 80 90 100 110 120
QEDRWDWHMYDTVKGSDWLGDQDATEFMCRAAPEAV I ELEHMGMPEDRVESGKI YORPFG
LT ECEREE TP TP L T
QEDRWDWHMYDTVKGSDWLGDQDATEFMCRAAPEAY T ELEHMGMPFDRVESGKI YORPFG

70 80 920 100 110 120

130 140 150 160 170 180
GHTAEHGKRAVERACAVADRTGHAMLHTLYQONVRANTQFFVEWTAQDLIRDENGDVVGY
CELETEEEEELEE P L L L L P T
GHTAEHGKRAVERACAVADRTGHAMLHTLYQONVRANTQFFVEWTAQDLIRDENGDVVGY

130 140 150 160 170 180

190 200 210 220 230 240
TAMEMETGEVYIFHAKAVMFATGGGGRI YASS TNAYMNTGDGLG I CARAGI PLEDMEFHQ
CETLELETELEL LT
TAMEMETGEVYIFHAKAVMFATGGGGRI YASS TNAYMNTGDGLG I CARAGI PLEDMEFHQ

190 200 210 220 230 240

250 260 270 280 290 300
FHPTGVAGAGVLITEGVRGEGGILLNADGERFMERYAPTVKDLASRDVVSRAMAMEIYEG
CETEEEEEEEL T e e e e e e e e e e e e
FHPTGVAGAGVLITEGVRGEGGILLNADGERFMERYAPTVKDLASRDVVSRAMAMEIYEG

250 260 270 280 290 300

310 320 330 340 350 360
RGCGKNKDHVLLKIDHIGAEKIMEKLPGIREISIQFAGIDPIKDPIPVVPTTHYMMGGIP
||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
CGKNKDHVLLKIDHIGAEKIMEKLPGIREI SIQFAGIDPIKDPIPVVPTTHYMMGGIP

310 320 330 340 350 360

370 380 390 400 410 420
TNYHGEVVVPQGDEYEVPVKGLYAAGECACASVHGANRLGTNSLLDLVVFGKAAGDSMIK
CCLCLLEET s LU DDLU T
TNYHGEVVVPQGEDYEVPVKGLYAAGECACASVHGANRLGTNSLLDLVVFGKAAGDSMIK

370 380 390 400 410 420

430 440 450 460 470 480
FIKEQSDWKPLPANAGELTRORIERLDNOTDGENVDALRRELORSVQLHAGVFRTDEILS
N NNy
FIKEQSDWKPLPANAGELTRQRIERLDNQTDGENVDALRRELQRSVQLHAGVFRTDEILS

430 440 450 460 470 480

490 500 510 520 530 540
KGVREVMATAERVKRTEI KDKSKVWNTARI EALELDNLIEVAKATLVSAEARKESRGAHA
CETLTEET R e e e e e e e e e
KGVREVMATAERVKRTEI KDKSKVWNTARI EALELDNLIEVAKATLVSAEARKESRGAHA

490 500 510 520 530 540

550 560 570 580
SDDHPERDDENWMKHTLYHSDANTLSYKPVHTKPLSVEYIKPAKRVYX

SDDHPERDDENWMKHTLYHSDINTLSYKPVHTKPLSVEYIKPAKRVYX

550 560 570 580
50

The following partial DNA sequence was identified in N.

gonorrhoeae <SEQ ID 73>:

g0ll.seq

1 ATGAAGACAC ACCGCAAGAC CTGCTCTGCG GTGTGTTTTG CTTTTCAGAC

51 GGCATCGAAA CCCGCCGTTT CCATCCGACA TCCCAGCGAG GACATCATGA

101 GCCTGAAAAC CCGCCTTACC GAAGATATGA AAACCGCGAT GCGCGCCAAA

151 GATCAAGTTT CCCTCGGCAC CATCCGCCTC ATCAATGCCG CCGTCAAACA

201 GTTTGAAGTA GACGAACGCA CCGAAGCCGA CGATGCCAAA ATCACCGCCA

251 TCCTGACCAA AATGGTCAAA CAGCGCAAAG ACGGCGCGAA AATCTACACT

301 GAAGCCGGCC GTCAGGATTT GGCAGACAAA GAAAACGCCG AAATCGACGT
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351 GCTGCACCGC TACCTGCCGC AARATGCTCTC CGCCGGCGAA ATCCGCACCG

401 CCGTCGAAGC AGCCGTTGCC GAAACCGGCG CGGCAGGTAT GGCGGATATG
451 GGCAAAGTGA TGGTCGTATT GAAAAcccGC CTCGCCGGCA AAGCCYATAT

501 GGGCGAAGTC AACAAAATCT TGAAAAccGt aCTGACCGCC tga

This corresponds to the amino acid sequence <SEQ ID 74;
ORF 011.ng>:

g0ll.pep
1 MKTHRKTCSA VCFAFQTASK PAVSIRHPSE DIMSLKTRLT EDMKTAMRAK
51 DQVSLGTIRL INAAVKQFEV DERTEADDAK ITAILTKMVK QRKDGAKIYT
101 EAGRQDLADK ENAEIDVLHR YLPQMLSAGE IRTAVEAAVA ETGAAGMADM

151 GKVMVVLKTR LAGKADMGEV NKILKTVLTA *

20
The following partial DNA sequence was identified in N.

meningitidis <SEQ ID 75>:
m0ll.seq (partial)

1 ATGAGGACAC ACCGCAAGAC CTGCTCTGCG GTGTGTTTTG CTTTTCAGAC
51 GGCATCGAAA CCCGCCGTTT CCATCCGACA TCCCAGCGAG GACATCATGA
101 GCCTGAAAAT CCGCCTTACC GAAGACATGA AAACCGCGAT GCGCGCCAAA
151 GACCAAGTTT CCCTCGGCAC CATCCGCCTC ATCAACGCCG CCGTCAAACA
201 GTTTGAAGTG GACGAACGCA CCGAAGCCGA CGATGCCAAA ATCACCGCCA
251 TCCTGACCAA AATGGTCAAA CAGCGAAAAG ACAGCGCGAA AATCTACACT
301 GAAGCCGGCC GTCAGGATTT GGCAGACAAA GAAAACGCCG AAATCGAGGT
351 ACTGCACCGC TACCTTCCCC AAATGCTTTC CGCCGGCGAA ATCCGTACCG
401 AGGTCGAAGC TGCCGTTGCC GAAACCGGCG CGGCAGGTAT GGCGGATATG

451 GGTAAAGTCA TGGGGCTGCT GAAAACCCGC CTCGCAGGTA AAGCCGA. ..

This corresponds to the amino acid sequence <SEQ ID 76;
ORF 011>

mOll.pep (partial)
1 MRTHRKTCSA VCFAFQTASK PAVSIRHPSE DIMSLKIRLT EDMKTAMRAK

51 DQVSLGTIRL INAAVKQFEV DERTEADDAK ITAILTKMVK QRKDSAKIYT
101 EAGRQDLADK ENAEIEVLHR YLPQMLSAGE IRTEVEAAVA ETGAAGMADM

151 GKVMGLLKTR LAGKA.....

Computer analysis of this amino acid sequence gave the fol-
lowing results:

Homology with a predicted ORF from N. gonorrhoeae
ORF 011 shows 95.8% identity over a 165 aa overlap with a
predicted ORF (ORF 011.ng) from N. gonorrhoeae:

mo11/go1l

10 20 30 40 50 60

m01ll.pep MRTHRKTCSAVCFAFQTASKPAVSIRHPSEDIMSLKIRLTEDMKTAMRAKDQVSLGTIRL
NI

go0l1l MKTHRKTCSAVCFAFQTASKPAVSIRHPSEDIMSLKTRLTEDMKTAMRAKDQVSLGTIRL
10 20 30 40 50 60
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m01ll.pep

go11

m01ll.pep

go11

go11
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70 80 90 100 110 120
INAAVKQFEVDERTEADDAKITAI LTKMVKQRKDSAKI YTEAGRQODLADKENAEIEVLHR
CEEPLCVELEERT LT bt e =11
INAAVKQFEVDERTEADDAKITAI LTKMVKQRKDGAKI YTEAGRQDLADKENAEIDVLHR
70 80 90 100 110 120
130 140 150 160
YLPQMLSAGEIRTEVEAAVAETGAAGMADMGKVMGLLKTRLAGKA
CEELEECEEEEEE PEEEE ety = e rr
YLPQMLSAGEIRTAVEAAVAETGAAGMADMGKVMVVLKTRLAGKADMGEVNKILKTVLTA
130 140 150 160 170 180

The following partial DNA sequence was identified in N.
gonorrhoeae <SEQ ID 77>:

g0l2.seq

1 ATGCTCGCCC GTCGCTATTT TTTCAATATC CAACCCGGGG CGGTTTTCAC

51 TGACAAACTG CTTGAACAAC TGATGCGTTT CCTCCAGTTC CTGCCGGAAT

101 TTCTGTTTGC CCTTTTCCGT ATTTTCACCC ATAAAAGTAA CCGTGCGCTT

151 AAATTCGCCC GCCGTCATCA CATCCACATC AATATCATGT TTTTTCAACa

201 gGcggTGGAT ATTCGgcact tccecgCcacca cacccaccga accgatgacce

251 gcaaacggaG CGGAAACAAT TTTATCCGCc acacacgcca tcatatagcce

301 gcCGCTTGCC GCGACCTTAT CGAcggcgac ggTCAGCGGA ATATTGCGTT

351 CGCGCAAACG CCTAAGCTGC GAAGCCGCCA AACCGTAACC GTGAACCACG

401 CCGCCCGGAC TTTCCAATCT GAGCAGAACC TCATCTTCAG GCTTGGCAAT

451 CAAAAGCACC GCCGTAATCT CATGACGCAA GGATTCTACG GCGTGTGCAT

501 ACAAATCGCC GTCAAAATCC AACACAAAAA GGCGGGATTT TTGCGTTTCG

551 GCAGATTTCT CCCCGCCCTC CTTCAAACGC TTTTTCTCTG CTTTGGCTTC

601 CGCCTTTTCC TTTTTCTTTT CTTTTTTTTC CTGATGTTTT GTCTCTTCCT

651 CGCTTAA

40

This corresponds to the amino acid sequence <SEQ ID 78;

ORF 012.ng>:

g0l12.pep

1 MLARRYFFNI QPGAVFTDKL LEQLMRFLQF LPEFLFALFR IFTHKSNRAL

51 KFARRHHIHI NIMFFQQAVD IRHFRHHTHR TDDRKRSGNN FIRHTRHHIA

101 AACRDLIDGD GQRNIAFAQT PKLRSRQTVT VNHAARTFQS EQNLIFRLGN

151 QKHRRNLMTQ GFYGVCIQIA VKIQHKKAGF LRFGRFLPAL LQTLFLCFGF

201 RLFLFLFFFF LMFCLELA*

The following partial DNA sequence was identified in N.
meningitidis <SEQ ID 79>

mo0l2.seq

1 ATGCTCGCCC GTTGCCACTT CCTCAATATC CAATTGAGGG CGGTTCTCGC

51 TGACAAACTG CTTGAACAAC TGATGCGTTT CCTCCAGTTC CTGTCGGAAT

101 TTCTGTTTGC CCTTTTCCGT ATTTTCACCC ATAAAAGTAA CCGTGCGCTT

151 AAATTCGCCC GCCGTCATCA CATCCACATC AATATCATGT TTTTTCAACA

201 GGCGGTGGAT ATTCGGTACT TCCGCCACCA CACCCACCGA ACCGACAATC
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251 GCAAACGGAG CGGAAGCAAT TTTATCCGCC ACACACGCCA TCATATAACC
301 GCCGCTCGCn nnnnnnnnnn hhhnnhnnnn Nnnnnnnnnn hnnnnnnnnn
351 nnnnnnnnnn NNONANNNND NNNNONNNNN MNNNNNNNNNn hnninnnnnnn
401 nnnnnNNNNn NNONANNNND ANNNONNNNN MNNNNNNNNND hnnnnnnnnn
451 nnnnnnnnnn NNONANNNND ANNNONNNNN MNNNNNNNNNn hnnnnnnnnn
501 nnnnnnnnnn hnnnnnnnnC AACACAAAAA GGCGTGATTT nTGCGTTTCG
551 GCAGATTTCT CCCCACCCTC CTTCAAACGT TTTTCcTCTG CTTTGGCTTC
601 CGCCTTTTCC TTTTTCTTTT CCTCTTTTTC CTGATGTTGT GCCTCTTCCC
651 CGCTTAA
This corresponds to the amino acid sequence <SEQ ID 80;
ORF 012>
m01l2.pep
1 MLARCHFLNI QLRAVLADKL LEQLMRFLQF LSEFLFALFR IFTHKSNRAL
51 KFARRHHIHI NIMFFQQAVD IRYFRHHTHR TDNRKRSGSN FIRHTRHHIT
101  AARXXXXXXX XXXXXXXXXX XXXXXXXXXX XXXXXXXXXX XXXXXXXXXX
151 XX XXXKXXXXKX XXXXXXXXXX XXXQHKKA*F XRFGRFLPTL LQTFFLCFGF
201 RLFLFLFLFF LMLCLEFPA*
The following partial DNA sequence was identified in N. 39
meningitidis <SEQ ID 81>:
a0l2.seq
1 ATGCTCGCCC GTTGCCACTT CCTCAATATC CAATTGAGGG CGGTTCTCGC
51 TGACAAACTG CTTGAACAAC TGATGCGTTT CCTCCAGTTC CTGTCGGAAT
101 TTCTGTTTGC CCTTTTCCGT ATTTTCACCC ATAAAAGTAA CCGTGCGCTT
151 AAATTCGCCC GCCGTCATCA CATCCACATC AATATCATGT TTTTTCAACA
201 GGCGGTGGAT ATTCGGTACT TCCGCTACAA CACCCACCGA ACCGACAATC
251 GCAAACGGAG CGGAAACAAT TTTATCCGCC ACACACGCCA TCATATAACC
301 ACCGCTCGCC GCCACCTTAT CGACGGCGAC GGTCAGCGGA ATATTGCGTT
351 CGCGCAAACG CCTAAGCTGC GAAGCCGCCA AACCGTAACC GTGAACCACG
401 CCGCCCGGAC TTTCCAATCT AAGCAGAACC TCATCTTCAG GCTTGGCAAT
451 CAAAAGCACC GCCGTAATCT CATGACGCAA GGATTCTACG GCGTGTGCAT
501 ACAAATCGCC GTCAAAATCC AACACAAAAA GGCGGGATTT TTGCGTTTCG
551 GAAGATTTCT CCCCACCCTC CTTCAAACGC TTTTTCTCTG CTTTGGCTTC
601 CGCCTTTTCC TTTTTCTTTT CCTCTTTTTC CTGATGTTTT GCCTCTTCCC
651 CGCTTAA
This corresponds to the amino acid sequence <SEQ ID 82;
ORF 012.2>:
a0l2.pep
1 MLARCHFLNI QLRAVLADKL LEQLMRFLQF LSEFLFALFR IFTHKSNRAL
51 KFARRHHIHI NIMFFQQAVD IRYFRYNTHR TDNRKRSGNN FIRHTRHHIT
101 TARRHLIDGD GQRNIAFAQT PKLRSRQTVT VNHAARTFQS KONLIFRLGN
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151 QKHRRNLMTQ GFYGVCIQIA VKIQHKKAGF LRFGRFLPTL LQTLFLCFGF

201 RLFLFLFLFF LMEFCLEPA*

m012/a012 64.2% identity over a 218 aa overlap

m01l2.pep

aolz

m01l2.pep

aolz

m01l2.pep

aolz

m01l2.pep

aolz

10 20 30 40 50 60
MLARCHFLNIQLRAVLADKLLEQLMRFLQFLS EFLFALFRIFTHKSNRALKFARRHHTHI
COTLELELETE LT e LT
MLARCHFLNIQLRAVLADKLLEQLMRFLQFLSEFLFALFRIFTHKSNRALKFARRHHTHI
10 20 30 40 50 60
70 80 90 100 110 120
NIMFFQQAVDIRYFRHHTHR TDNRKR SGSNETRHTRHH 1 TAARX XOCONOO KX KX
CEFLTET L s LEDE P = LT =]
NIMFFQQAVDIRYFRYNTHRTDNRKRSGNNFIRHTREHITTARRHL IDGDGORNTAFAQT
70 80 90 100 110 120

130 140 150 160 170 180
)9:9:0.0:9.0.0.0.0.:0.0.0.0.0.:0.0.0.9.0.0.0.0.0.0.0.0.0.0:0.0.0.0.0.0.0.0.0.0.0.:0.0.0.0.0.:0.0.0.0.0.0.0.0.(0]21:4:9:9:4:}
PKLRSRQTVTVNHAARTFQSKQNLIFRLGNQKHRRNLMTQGFYGVCIQIAVKIQHKKAGF

130 140 150 160 170 180

190 200 210 219
XRFGRFLPTLLQTFFLCFGFRLFLFLFLFFLMLCLFPAX

FLEEELEE R = TREEE LT L =L
LRFGRFLPTLLQTLFLCFGFRLFLFLFLFFLMFCLFPAX
190 200 210

Computer analysis of this amino acid sequence gave the fol-

lowing results:

Homology with a predicted ORF from N. gonorrhoeae
ORF 012 shows 58.7% identity over a 218 aa overlap with a
predicted ORF (ORF 012.ng) from N. gonorrhoeae:

mo12/go12
10 20 30 40 50 60
mol2.pep  MLARCHFLNIQLRAVLADKLLEQLMRFLQFLSEFLFALFRIFTHKSNRALKFARRHHIHI
CUE LD s LEEELLEL TP FEEEE LT T
go12 MLARRYFFNIQPGAVFTDKLLEQLMRFLQFLPEFLFALFRI FTHKSNRALKFARRHHIHI
10 20 30 40 50 60
70 80 90 100 110 120
mo12.pep NIMFEQOAVDIRYFRHHTHRTDNRKRSGSNEIRHTRHHITAARXXKXXKXXXXKXKXKXX
CEPLETTELE = TV = L= LT =1
go12 NIMFFQQAVDIRHFRHHTHR TDDRKRSGNNFIRHTRHHIAAACRDLIDGDGORNIAFAQT
70 80 90 100 110 120
130 140 150 160 170 180
mol2 -pep ):9,0:0.0:0.0.0.0.0.0.0.0.00.00.00.00.00.00000000.0000000000000000000000(0):14¢:9.4")
e e e e | | |
go12 PKLRSRQTVTVNHAARTFQS EQNL I FRLGNQKHRRNLMTQGF YGVCIQIAVKIQHKKAGF
130 140 150 160 170 180
190 200 210 219
mOl2.pep XRFGRFLPTLLQTFFLCFGFRLFLFLFLFFLMLCLFPAX
FELEEE PR = TEPEE LT = LT =TT
go12 LRFGRFLPALLQTLFLCFGFRLFLFLFFFFLMFCLFLAX
190 200 210
50
The following partial DNA sequence was identified in N.
meningitidis <SEQ ID 83>:
mo0l2-1.seq
1 ATGCTCGCCC GTTGCCACTT CCTCAATATC CAATTGAGGG CGGTTCTCGC
51 TGACAAACTG CTTGAACAAC TGATGCGTTT CCTCCAGTTC CTGTCGGAAT
101 TTCTGTTTGC CCTTTTCCGT ATTTTCACCC ATAAAAGTAA CCGTGCGCTT
151 ARATTCGCCC GCCGTCATCA CATCCACATC AATATCATGT TTTTTCAACA
201 GGCGGTGGAT ATTCGGTACT TCCGCCACCA CACCCACCGA ACCGACAATC
251 GCAAACGGAG CGGAAGCAAT TTTATCCGCC ACACACGCCA TCATATAACC

301 GCCGCTCGCC GCCACCTTAT CGACGGCGAC GGTCAGCGGA ATATTGCGTT
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285
-continued
351 CGCGCAAACG CyTAAGCTGC GAAGCCGCCA AACCGTAACC GTGAACCACG
401 CCGCCCGGAC TTTCCAATCT GAGCAGAACC TCATCTTCAG GCTTGGCAAT
451 CAAAAGCACC GCCGTAATCT CATGACGCAA GGATTCTACG GCGTGTGCAT
501 ACAAATCGCC GTCAAAATCC AACACAAAAA GGCGGGATTT TTGCGTTTCG
551 GCAGATTTCT CCCCACCCTC CTTCAAACGC TTTTTCTCTG CTTTGGCTTC
601 CGCCTTTTCC TTTTTCTTTT CCTCTTTTTC CTGATGTTTT GCCTCTTCCC

651 CGCTTAA

This corresponds to the amino acid sequence <SEQ ID 84;

ORF 012-1>:
m0l2-1.pep
1 MLARCHFLNI QLRAVLADKL LEQLMRFLQF LSEFLFALFR IFTHKSNRAL
51 KFARRHHIHI NIMFFQQAVD IRYFRHHTHR TDNRKRSGSN FIRHTRHHIT
101 AARRHLIDGD GQRNIAFAQT XKLRSRQTVT VNHAARTFQS EQNLIFRLGN
151 QKHRRNLMTQ GFYGVCIQIA VKIQHKKAGF LRFGRFLPTL LQTLFLCFGF
201 RLFLFLFLFFLMECLFPA*

m012-1/g012 91.7% identity in 218 aa overlap

mo0l2-1.pep

go12

mo0l2-1.pep

go12

mo0l2-1.pep

go12

mo0l2-1.pep

go12

10 20 30 40 50 60
MLARCHFLNIQLRAVLADKLLEQLMRFLQFLSEFLFALFRIFTHKSNRALKFARRHHIHI
MR
MLARRYFFNIQPGAVFTDKLLEQLMRFLQFLPEFLFALFRIFTHKSNRALKFARRHHIHI

10 20 30 40 50 60

70 80 90 100 110 120
NIMFFQOAVDIRYFRHHTHRTDNRKRSGSNFIRHTRHHITAARRHLIDGDGQRNIAFAQT
CCLCLT L LU= LU UL T LT
NIMFFQQOAVDIRHFRHHTHRTDDRKRSGNNFIRHTRHHIAAACRDLIDGDGQRNIAFAQT

70 80 90 100 110 120

130 140 150 160 170 180
XKLRSRQTVTVNHAARTFOS EQNL I FRLGNQKHRRNLMTQGF YGVC IQTAVK IQHKKAGE
COLEELEL TP LT TP T
PKLRSRQTVTVNHAARTFQS EONL I FRLGNQKHRRNLMTQGFYGVC IQIAVKIQHKKAGE
130 140 150 160 170 180
190 200 210 219
LRFGRFLPTLLQTLFLCFGFRLFLFLFLFFLMFCLEFPAX
FEELETEE= TP = L] T
LRFGRFLPALLQTLFLCFGFRLFLFLFFFFLMFCLFLAX
190 200 210

The following partial DNA sequence was identified in N.
meningitidis <SEQ ID 85>:

a0l2-1.seq

1 ATGCTCGCCC GTTGCCACTT CCTCAATATC CAATTGAGGG CGGTTCTCGC
51 TGACAAACTG CTTGAACAAC TGATGCGTTT CCTCCAGTTC CTGTCGGAAT
101 TTCTGTTTGC CCTTTTCCGT ATTTTCACCC ATAAAAGTAA CCGTGCGCTT
151 AAATTCGCCC GCCGTCATCA CATCCACATC AATATCATGT TTTTTCAACA
201 GGCGGTGGAT ATTCGGTACT TCCGCTACAA CACCCACCGA ACCGACAATC
251 GCAAACGGAG CGGAAACAAT TTTATCCGCC ACACACGCCA TCATATAACC
301 ACCGCTCGCC GCCACCTTAT CGACGGCGAC GGTCAGCGGA ATATTGCGTT
351 CGCGCAAACG CCTAAGCTGC GAAGCCGCCA AACCGTAACC GTGAACCACG

401 CCGCCCGGAC TTTCCAATCT AAGCAGAACC TCATCTTCAG GCTTGGCAAT
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-continued
451 CAAAAGCACC GCCGTAATCT CATGACGCAA GGATTCTACG GCGTGTGCAT
501 ACARATCGCC GTCAAAATCC AACACAAAAA GGCGGGATTT TTGCGTTTCG
551 GAAGATTTCT CCCCACCCTC CTTCAAACGC TTTTTCTCTG CTTTGGCTTC
601 CGCCTTTTCC TTTTTCTTTT CCTCTTTTTC CTGATGTTTT GCCTCTTCCC
651 CGCTTAA
. . . 10

This corresponds to the amino acid sequence <SEQ ID 86;

ORF 012-1.a>:

a0l2-1.pep

1 MLARCHFLNI QLRAVLADKL LEQLMRFLQF LSEFLFALFR IFTHKSNRAL

51 KFARRHHIHI NIMFFQQAVD IRYFRYNTHR TDNRKRSGNN FIRHTRHHIT
101 TARRHLIDGD GQRNIAFAQT PKLRSRQTVT VNHAARTFQS KONLIFRLGN
151 QKHRRNLMTQ GFYGVCIQIA VKIQHKKAGF LRFGRFLPTL LQTLFLCFGF
201 RLFLFLFLFF LMFCLFPA*

a012-1/m012-1 97.2% identity in 218 aa overlap

10 20 30 40 50 60
a0l2-1.pep MLARCHFLNIQLRAVLADKLLEQLMRFLQFLSEFLFALFRIFTHKSNRALKFARRHHIHI

mol2-1 MLARCHFLNIQLRAVLADKLLEQLMRFLQFLSEFLFALFRIFTHKSNRALKFARRHHIHI
10 20 30 40 50 60
70 80 90 100 110 120

a0l2-1.pep NIMFFQQAVDIRYFRYNTHRTDNRKRSGNNFIRHTRHHITTARRHLIDGDGQRNIAFAQT

mol2-1 NIMFFQQOAVDIRYFRHHTHRTDNRKRSGSNFIRHTRHHITAARRHLIDGDGQRNIAFAQT
70 80 90 100 110 120
130 140 150 160 170 180

a0l12-1.pep PKLRSRQTVTVNHAARTFQSKONLIFRLGNQKHRRNLMTQGFYGVCIQIAVKIQHKKAGF

mol2-1 XKLRSRQTVTVNHAARTFQSEQNLIFRLGNQKHRRNLMTQGFYGVCIQIAVKIQHKKAGF
130 140 150 160 170 180
190 200 210 219

a0l2-1.pep LRFGRFLPTLLQTLFLCFGFRLFLFLFLFFLMFCLFPAX

mol2-1 LRFGRFLPTLLOQTLFLCFGFRLFLFLFLFFLMFCLFPAX
190 200 210

The following partial DNA sequence was identified in N.
gonorrhoeae <SEQ ID 87>:

g013.seq
1 aTgcctttga ccatgctgtyg cagcaGGAcg tGCGGTTtgt tcataataca
51 gtCcgaccGG AARagcggAG GAAaACGCAGT GCCGCGCCCT TCCCCTTTCT
101 TGCCGTGGCA GGCGATGCag tTgGATTCGT ACACTTTTTG CCCTTTtGtce
151 atgatGCTgt tgtcggCGGC AGAAGCYGCG GogCAGAGGC AGCACAAGAT
201 GAAGGCGGTC GGCAGTCGGG TTGTGTtcat tGgegTTTCC cctaatgttt
251 tgaaaccttg ttttttgatt Ttgcctttac ggggtgaaaa gtttttTtgg

301 cccaaatccg gaatttag
60

This corresponds to the amino acid sequence <SEQ ID 88;
ORF 013.112:

g013.pep
1 MPLTMLCSRT CGLFIIQSDR KSGGNAVPRP SPFLPWQAMQ LDSYTFCPFV
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-continued

51 MMLLSAAEAA AQRQHKMKAV GSRVVFIGVS PNVLKPCFLI LPLRGEKFFW

101 PKSGI*

The following partial DNA sequence was identified in N.
meningitidis <SEQ ID 89>:

m013afquTGCCTTTGA CCATGCTGTG CAGCAGCACC TGCGGTTTTT TCATGATGAA
51 GTCGGAGCGG TAGAGCGGCG GAAACATGGT TCCGCGGCCT TCGCCCTTTT
101 TGCCGTGGCA GGCGACGCAG TTGGATTCGT ACACTTTTTG CCCTTTTGTC
151 ATGATGCTGT TGTCGGCGGC AGAAGCGGCG GCGCAGAAGC AGCCCAAGAC
201 GAGGGCGGTC GGCAGTCGGG TTGTGTTCAT TGGTGTTTCC TTCATGTTTG
251 AAACCTTGTT GTTGATTTTG CGTAGCGGGT GAAAGATTTT TTTGCCGAAT

301 CAGTAG

This corresponds to the amino acid sequence <SEQ ID 90;
ORF 013>.

m013 .pep
1 MPLTMLCSST CGFFMMKSER XSGGNMVPRP SPFLPWQATQ LDSYTFCPFV
51 MMLLSAAEAA AQKQPKTRAV GSRVVFIGVS FMFETLLLIL RSGXKIFLPN

101 Q

The following partial DNA sequence was identified in N.
meningitidis <SEQ ID 91>:

a0l3.se
1 qATGCCTTTGA CCATGCTGTG CAGCAGCACC TGCGGTTTTT TCATGATGAA
51 GTCGGAGCGG TAGAGCGGCG GAAACATGGT TCCGCGGCCT TCGCCCTTTT
101 TGCCGTGGCA GGCGACGCAG TTGGATTCGT ACACTTTTTG CCCTTTTGTC
151 ATGATGCTGT TGTCGGCGGC AGAAGCGGCG GCGCAGAGGC AGCCCAAGAC
201 GAGGGCGGTC GGCAGTCGGG TTGTGTTCAT TGGTGTTTCC TTAATGTTTG
251 AAACCTTGTT GTTGATTTTG CGTAGCGGGT GAAAGATTTT CTTGCCGAAT

301 CGGTAG

This corresponds to the amino acid sequence <SEQ ID 92;
ORF 013.a2>:

a0l3 .pep
1 MPLTMLCSST CGFFMMKSER *SGGNMVPRP SPFLPWQATQ LDSYTFCPFV

51 MMLLSAAEAA AQRQPKTRAV GSRVVFIGVS LMFETLLLIL RSG*KIFLPN

101 R*

m013/a013 97.0% identity over a 101 aa overlap

10 20 30 40 50 60

m013.pep MPLTMLCSSTCGFFMMKSERXSGGNMVPRPSPFLPWOATQLDSYTFCPEVMMLLSAAEAA
COTLEPCELEEEL TP TP P

a013 MPLTMLCSSTCGFFMMKS ERXSGGNMVPRPSPFLPWOATQLDSY TFCPEFVMMLLSAREAR
10 20 30 40 50 60



US 9,266,929 B2
291

-continued
70 80 90 100
m013.pep AQKQPKTRAVGSRVVFIGVSFMFETLLLILRSGXKIFLPNQOX

a0l3 AQRQPKTRAVGSRVVFIGVSLMFETLLLILRSGXKIFLPNRX
70 80 90 100

Computer analysis of this amino acid sequence gave the fol-
lowing results:

Homology with a predicted ORF from N. gonorrhoeae
ORF 013 shows 73.3% identity over a 101 aa overlap with a
predicted ORF (ORF 013.ng) from N. gonorrhoeae:

mo13/g013

10 20 30 40 50

60

m013 .pep MPLTMLCSSTCGFFMMKSERXSGGNMVPRPSPFLPWQATQLDSYTFCPFVMMLLSAAEAA

go013 MPLTMLCSRTCGLFIIQSDRKSGGNAVPRPSPFLPWQAMQLDSYTFCPFVMMLLSAAEAA
10 20 30 40 50 60
70 80 90 100

m0l13 .pep AQKQPKTRAVGSRVVFIGVSF-MFETLLLILR-SGXKIFLPNQX

R R N e e N
go13 BQROHKMKAVGSRVVFIGVSPNVLKPCFLILPLRGEKFFWPKSGIX
70 80 90 100

The following partial DNA sequence was identified in N.
gonorrhoeae <SEQ ID 93>:

gOlS.J.SquTGCAGTATC TGATTGTCAA ATACAGCCAT CAAATCTTCG TTACCATCAC
51 CATTTTGGTA TTCAACATCC GTTTTTTCCT ACTTTGGAAA AATCCAGAAA
101 AGCCCTTGGT CGGCTTTTGG AAAGCACTGC CCCACCTCAA CGACACGATG
151 CTGCTGTTTA CGGGATTGTG GCTGATGAAG ATTACCCATT TCTCCCCGTT
201 CAACGCGCCT TGGCTCGGCA CAAAAATCCT GCTCCTGTTC GCCTACATCG
251 CACTGGGCAT GGTAATGATG CGCGCCCGTC CGCGTTCGAC CAAGTTCTAC
301 ACCGTTTACC TGCTCGCTAT GTGTTGCATC GCCTGCATCG TTTACCTTGC

351 CAAAACCAAA GTCCTGCCAT TCTGA

This corresponds to the amino acid sequence <SEQ ID 94;
ORF 015.ng>:

g015.pep
1 MQYLIVKYSH QIFVTITILV FNIRFFLLWK NPEKPLVGFW KALPHLNDTM

51 LLFTGLWLMK ITHFSPFNAP WLGTKILLLE AYIALGMVMM RARPRSTKFY

101 TVYLLAMCCI ACIVYLAKTK VLPF*

The following partial DNA sequence was identified in N.
meningitidis <SEQ ID 95>:

mo0l5.seq (partial)

1 . .AAAATCAGAA AAGCCTTGGC GGGCTTTTGG AAGGCACTGC CCCACCTTAA
51 CGACACCATG CTGCTGTTTA CGGGATTGTG GCTGATGAAA ATTACCCATT
101 TCTCCCCGTT CAACGCGCCT TGGCTCGGTA CAAAAATCCT GCTTCTGCTC
151 GCCTATATCG CATTGGGTAT GATGATGATG CGCGCCCGTC CGCGTTCGAC
201 CAAGTTCTAC ACCGTTTACC TGCTCGCCAT GTGTTGCGTC GCCTGCATCG

251 TTTACCTTGC CAAAACCAAA GTCCTGCCTT TCTGA
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This corresponds to the amino acid sequence <SEQ ID 96;
ORF 015:
mOl5.pep (partial)
1 . .KIRKALAGFW KALPHLNDTM LLFTGLWLMK ITHFSPFNAP WLGTKILLLL
51 AYIALGMMMM RARPRSTKFY TVYLLAMCCV ACIVYLAKTK VLPF*

The following partial DNA sequence was identified in N.
meningitidis <SEQ ID 97>:

aOlS.ZI_SquTGCAGTATC TGATTGTCAA ATACAGCCAT CAAATCTTCG TTACCATCAC
51 CATTTTGGTA TTCAACATCC GTGTTTTCNT ACTTTGGAAA AATCCAGAAA
101 AGCCCTTGGC GGGCTTTTGG AAGGCACTGC CCCACCTTAA CGACACCATG
151 CTGCTGTTTA CGGGATTGTG GCTGATGAAA ATTACCCATT TCTCCCCGTT
201 CAACGCGCCT TGGCTCGGTA CAAAAATCCT GCTTCTGCTC GCCTATATCG
251 CATTGGGTAT GATGATGATG CGCGCCCGTC CGCGTTCGAC CAAGTTCTAC
301 ACCGTTTACC TGCTCGCCAT GTGTTGCCTC ACCTGCATCG TTTACCTTGC

351 CAAAACCAAA GTCCTGCCTT TCTGA

This corresponds to the amino acid sequence <SEQ ID 98;
ORF 015.a>:

a0l5.pep
1 MQYLIVKYSH QIFVTITILV FNIRVFXLWK NPEKPLAGFW KALPHLNDTM

51 LLFTGLWLMK ITHFSPFNAP WLGTKILLLL AYIALGMMMM RARPRSTKFY

101 TVYLLAMCCL TCIVYLAKTK VLPF*

mO015/a015 96.7% identity over a 91 aa overlap

10 20 30
m015.pep KIRKALAGFWKALPHLNDTMLLETGLWLMKITH
SRR A
a015 LIVKYSHQIFVTITILVFNIRVFXLWKNPEKPLAGFWKALPHLNDTMLLE TGLWLMKITH
10 20 30 40 50 60
40 50 60 70 80 20

m01l5.pep FSPFNAPWLGTKILLLLAYIALGMMMMRARPRSTKEFYTVYLLAMCCVACIVYLAKTKVLP

aols FSPFNAPWLGTKILLLLAYIALGMMMMRARPRSTKFYTVYLLAMCCLTCIVYLAKTKVLP
70 80 90 100 110 120

m0l5.pep FX

aols FX

Computer analysis of this amino acid sequence gave the fol-
lowing results:

Homology with a predicted ORF from N. gonorrhoeae
ORF 015 shows 94.5% identity over a 91 aa overlap with a
predicted ORF (ORF 015.ng) from N. gonorrhoeae:

mo15/g015
10 20 30
mo15.pep KIRKALAGFWKALPHLNDTMLLEFTGLWLMKITH
R N
gois LIVKYSHQIFVTITILVFNIRFFLLWKNPEKPLYVGFWKALPHLNDTMLLETGLWLMKI TH
10 20 30 40 50 60
40 50 60 70 80 90

m01l5.pep FSPFNAPWLGTKILLLLAYIALGMMMMRARPRSTKEFYTVYLLAMCCVACIVYLAKTKVLP

go015 FSPFNAPWLGTKILLLFAYIALGMVMMRARPRSTKFYTVYLLAMCCIACIVYLAKTKVLP
70 80 90 100 110 120
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-continued
m0l5.pep FX

go1s FX

The following partial DNA sequence was identified in N.
gonorrhoeae <SEQ ID 99>:

g018.seq
1 atGCAGCAGG GGCagttggt tggacgcgtc gcccgcaata
51 GAATgctggt CTGCATggtC AGCGGATCGG CAACGGGtac
101 tectttgTCGA TATTGATGTT TTCCAAACCG ATATtgTCAA
151 GCgACCTACG GCTGCCAACA TATATTCGGC AACAAATACG
201 CATCCTGCTC CCAATGGACT tctACATTGC CGTCTGCGTC
251 TCGGTTTTAG CATCCAGATG CAGTTTCAAT tctTCTCCGA

301 CGCCTCGTCT GA

This corresponds to the amino acid sequence <SEQ ID 100;
ORF 018.ng>:

g018.pep
1 MQQOGQLVGRV ARNKDMRNAG LHGQRIGNGY AARVFVDIDV

51 ATYGCQHIFG NKYAFFAILL PMDEFYIAVCV EFDLGFSIQM

101 RLV*

The following partial DNA sequence was identified in N.
meningitidis <SEQ ID 101>

m0l8.seq
1 ATGCAGCAGA GGCAGTTGGT TGGACGCATC GCCTGCGATG
51 GAATACTGGT CTGCATGGTC AGCGGGTCGG CAACAGGTAC
101 TCTTTTTCGA TATTGATATT TTCCAAACCG ATATTGTCAA
151 GCGGCCCACG GCTGCCAGCA TATATTCGGC AACAAATACG
201 CATCCTGCTC CCAATGGACT TCTACATTGC CGTCTGCATC
251 TCGGTTTTAG CATCCAGATG CAGTTTCAAT TCTTCGCCGA

301 CGCCTCGTCT GA

This corresponds to the amino acid sequence <SEQ ID 102;
ORF 018>:

m018.pep
1 MQORQLVGRI ACDEDMRNTG LHGQRVGNRY AARIFFDIDI

51 AAHGCQHIFG NKYAFFAILL PMDEYIAVCI EFDLGFSIQM

101 RLV*

The following partial DNA sequence was identified in N.
meningitidis <SEQ ID 103>

a0l8.seq
1 ATGCAGCAGG GGCAGTTGGT TGGACGCGTC GCCCGCAATA

51 GAATACTGGT CTGCATAGTC AGCGGATCGG CAACGGGTAC

AAGATATGCG

gecgcegegcey

CGTTCGGACG

CCTTTTTCGC

GAGTTTGACC

ACACGGCTTT

FQTDIVNVRT

QFQFFSEHGF

AAGATATGCG

GCCGCGCGCA

CGTTCGGACG

CCTTTTTCGC

GAGTTTGACC

ACACGGCGTT

FQTDIVNVRT

QFQFFAEHGV

AAGATATGCG

GCCGCGCGCA
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101  TCTTTTTCGA TATTGATGTT TTCCAAACCG ATATTGTCAA CGTTCGGACG

151 GCGGCCTACG GCTGCCAGCA TATATTCGGC AACAAATACG CCTTTTTCGC
201 CATCCTGCTC CCAATGGACT TCTACATTGC CGTCTGCGTC GAGTTTGGCC
251 TCGGTTTTAG CATCCAAATG CAGTTTCAAT TCTTCACCGA ACACGGCTTT
301 CGCCTCGTCT GA

10
This corresponds to the amino acid sequence <SEQ ID 104;

ORF 018.a>:

a0l8.pep
1 MQQOGQLVGRV ARNKDMRNTG LHSQRIGNGY AARIFFDIDV FQTDIVNVRT

51 AAYGCQHIFG NKYAFFAILL PMDFYIAVCV EFGLGFSIQM QFQFFTEHGF

101 RLV*
m018/a018 86.4% identity over a 103 aa overlap

10 20 30 40 50

60

m01l8.pep MQQORQLVGRIACDEDMRNTGLHGQRVGNRYAARIFFDIDIFQTDIVNVRTAAHGCQHIFG

aols MQQOGQLVGRVARNKDMRNTGLHSQRIGNGYAARIFFDIDVFQTDIVNVRTAAYGCQHIFG
10 20 30 40 50 60
70 80 90 100

m01l8.pep NKYAFFAILLPMDFYIAVCIEFDLGFSIQMQFQFFAEHGVRLVX

aols NKYAFFAILLPMDFYIAVCVEFGLGFSIQMQFQFFTEHGFRLVX
70 80 90 100

Computer analysis of this amino acid sequence gave the fol-
lowing results:

Homology with a predicted ORF from N. gonorrhoeae
ORF 018 shows 84.5% identity over a 103 aa overlap with a
predicted ORF (ORF 018.ng) from N. gonorrhoeae:

mo18/go18

10 20 30 40 50

60

m018.pep MQQORQLVGRIACDEDMRNTGLHGQRVGNRYAARIFFDIDIFQTDIVNVRTAAHGCQHIFG

go1ls8 MQQGQLVGRVARNKDMRNAGLHGQRIGNGYAARVFVDIDVEFQTDIVNVRTATYGCQHIFG
10 20 30 40 50 60
70 80 90 100

m0l18.pep NKYAFFAILLPMDFYIAVCIEFDLGFSIQMQFQFFAEHGVRLVX

go1ls8 NKYAFFAILLPMDFYIAVCVEFDLGFSIQMQFQFFSEHGFRLVX
70 80 90 100

The following partial DNA sequence was identified in N. 50
gonorrhoeae <SEQ ID 105>

g019.seq (partial)

1 ..ctgctggegg cectggtget tgccgegtgt tettcegACAA ACAcacTGCC
51 AGCCGGCAAG ACCCCGGCAG ACAATATAGA AActgcCgAC CTTTCGGCAA
101 GCGTTCCCAC ccgcCCTGCC GAACCGGAAG GAAAAACGCT GGCAGATTAC
151 GGCGGCTACC CGTCCGCACT GGATGCAGTG AAACAGAACA ACGATGCGGC
201 AGCCGCCGCC TATTTGGAAA Acgcaggaga cagCGecgatg gcGGAAAatg

251 tccgcaagga gtgGCTGa
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This corresponds to the amino acid sequence <SEQ ID 106;

ORF 019.

g019.pep
1

51

ng>:

(partial)

. .LLAALVLAAC SSTNTLPAGK TPADNIETAD LSASVPTRPA EPEGKTLADY

GGYPSALDAV KQONNDAAAAA YLENAGDSAM AENVRKEWL*

The following partial DNA sequence was identified in N.
meningitidis <SEQ ID 107>

mol9.seq
1

51
101
151
201
251
301
351
401
451
501
551
601
651
701
751
801
851
901
951

1001
1051
1101
1151
1201
1251
1301
1351
1401
1451
1501

1551

(partial)
ATGTACCTAC

GCTTGCCGCG
CAGACAATAT
GCCGAACCCG
ACTGGATGCA
AAAACGCCGG
AAGTCTTTGG
CAAACTCGAA
CGAGCCGCAA
AAACTGCCTT
CTTGTTGGAC
GCCGCCAAAC
TTTGACGGCG
CGGCAAAGAA
TGGAAAGCGG
GGGCATTATC
CGGCAAGGTT
ACGCCCGCGC
ATCTCGCATA
GCTGGCACGC
TTTACAAACA
GGGGAAGAAT
CGGCAAAAAC
CACTGGTACT
CGTCAGGCTC
CAAGCTGCTG
TGGCGGTCAA
CGCTATATTT
TAATGTCGAT
TCGTTATAGG
ATGCCTGCCA

ACAACTTTAC

CCTCTATGAA

TGTTCTTCGA

AGAAACTGCC

AAAGAAAAAC

GTGAAACAGA

CGACAGCGCG

GCGCACGCAG

CCGGCAGGGC

CGACTATACG

CGGGCTGCAC

GGCAACGACG

CACAGACGCA

GTACACAAGG

GCACGCAAAT

TTTAAGCCTC

AGTCGCAAAR

GCCGACCGCC

CGCCTTGCGC

TGCCCGAAARA

AGCCGCGCCG

GGCGGCAGCG

TGGGTCGGAA

AGCGTCCGCC

GTTCCAAAAC

AGGCGGAATG

ACCGCCGCGC

CAGCGCGGAA

CGCCGTTTAA

CCGGCTTGGG

CGCGCARATCC

CCGCGCGCGA

ACCGCCGACG

GCATTCCCTG

CAAACACACT

GACCTTTCGG

GCTGGCAGAT

AAAACGATGC

ATGGCGGAAA

ACAGTGGACG

GCGCCCAAGA

CGTGCCGCTG

CAAACTGTTG

CCTGGAGGCG

CGCAACCTTG

TTCGCGCGAA

CGCCGAATGC

GAACAACGCA

CCTCAATGTG

GCCAACTGAC

GCCCGACGTT

ACTGCAAAAR

CAACGGGCAA

ACGGGCAGGA

AATCGATACG

GCATGGCGGA

AGCCAATCTG

GCGTTTTGCC

AAACCGCGTT

CGCACCGACC

AGACACGGTA

TTTATGGGCT

CGCGTAGGCG

AATCGCCGGC

GG. ..

CCGCTGCTGG

GCCAGCCGGC

CAAGCGTTCC

TACGGCGGCT

CGCCGETCGCC

ATGTCCGCAA

CTGTTTGCAC

AGTCGAATGC

AACTGGTCAA

GAACAGGCAG

CGTGCGCGGA

CCGCCGCATT

TATGCCCTGT

CGCCGCCCTG

GTTTCGCGTG

CCTGCCGCCT

CGACGACCAA

GGGACGAGCT

AGCCCGACCT

CACGCAAGAG

ATTTTTATGC

CGCAACAATG

AGACGGTGCA

CCGGTGATGC

ACACGCGGCT

CGACCACGGT

GCAAACTCAA

ATCCGCCACG

GATTCGTCAG

CGCAGGGGCT

AAAATCGGTA

CGGCCCTGGT

AAGACCCCGG

CACCCGCCCT

ACCCGTCCGC

GCCTATTTGG

CGAGTGGCTG

AGGAATACGC

TACGCCGATT

AAATACGGGC

CCGCATCCGG

CTGCTGGCCG

GGGCAGCCCG

TGAACGTCAT

CTGTCCGAAA

GGGCGTATTG

TGGACTATTA

ATCGAGTGGT

GGCCTCCGTT

GGCTCTACTG

GCGGAAAAAC

GGTGCTGGCA

TGCCCGATGC

GTCAAACGCG

AAAAATGCGC

TTGACGAAGA

TTTTACGATA

CTACACCTTG

CGCAAAATGT

GAAAGCCGCT

GATGCAGGTT

TGGATGCCGC

65
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KTPADNIETA

AYLENAGDSA

YADSSRNDYT

LLAGRQTTDA

LSEMESGLSL

IEWYARAALR

AEKLYKQAARA

VKRALVLFQN

FYDMAVNSAE

ESRFVIGAQS

301
This corresponds to the amino acid sequence <SEQ ID 108;
ORF 019>
m0l9.pep (partial)
1 MYLPSMKHSL PLLAALVLAA CSSTNTLPAG
51 AEPERKTLAD YGGYPSALDA VKQKNDAAVA
101 KSLGARRQWT LFAQEYAKLE PAGRAQEVEC
151 KLPSGCTKLL EQAAASGLLD GNDAWRRVRG
201 FDGGTQGSRE YALLNVIGKE ARKSPNAAAL
251  GHYQSQNLNV PAALDYYGKV ADRRQLTDDQ
301 ISHMPEKLQK SPTWLYWLAR SRAATGNTQE
351 GEELGRKIDT RNNVPDAGKN SVRRMAEDGA
401 RQAQAEWRFA TRGFDEDKLL TAAQTAFDHG
451 RYISPFKDTV IRHAQNVNVD PAWVYGLIRQ
501 MPATAREIAG KIGMDAAQLY TADG.. .

The following partial DNA sequence was identified in N.
meningitidis <SEQ ID 109>

a0l9.seq

1

51

101

151

201

251

301

351

401

451

501

551

601

651

701

751

801

851

901

951

1001

1051

1101

1151

1201

ATGTACCCAC

GCTTGCCGCG

CAGACAATAT

GCCGAACCCG

ACTGGATGCA

AAAACGCCGG

AAGTCTTTGG

NAAACTCGAA

CGAGCCGCAA

AAACTGCCTT

CTTGTTGGAC

GCCGCCAAAC

TTTGACGGCG

CGGCAAAGAA

TGGAAAGCGG

GGGCATTATC

NGGCAAGGTT

ACGCCCGCGC

ANCNCGNNNN

NNTGGCACGC

TNTACAAACA

GGGGAAGAGT

CGGCAAAANC

CGCTGGTGCT

CGTCNGGCTC

CCTCTCTGAA

TGTTCTTNGA

AGAAACTGCC

AANGAAAAAC

GTGAAACAGA

CGACAGCGCG

GCGCGCGCAG

CCGGCANGGC

CGACTATACG

CGGGCTGCAC

GGCAACGACG

CACAGACGCA

GTACACAAGG

GCACGCAAAT

TTTAAGCCTC

AGTCGCAAAR

GCCGACCGCC

CGCNNTNNGC

TGCNNGANAA

AGCCGCGCCG

GGCGGCAGCA

TGGGGCGCAN

AGCGTCCTCC

GTTCCGAAAC

AGGCGGAATG

GCATTCCCTG

CAAACACACT

GACCTTTCGG

GTNGGCAGAT

AAAACGATGC

ATGGCGGAAA

ACAGTGGACG

GCGCCCAAGA

CGTGCCGCCG

CAAACTGTTG

CCTGGAGGCG

CGCAACCTTG

TTCGCGCGAA

CGCCGAATGC

GAACAACGCA

CCTCAATGTG

GCCAACTGAC

NNNCGNNGTT

ACNNNNNNAN

CNACGGGCAA

NCGGGCANGA

AATCGATACG

GTATGGCGGA

AGCCGAACCG

GCGTTTCGCC

CCGCTGCTGG

GTCAGCCGAC

CAAGCGTTCC

TACGGCGGCT

CGCCGETCGCC

ATGTCCGCAA

CTGTNTGCAC

AGTCGAATGC

AACTGGTCAA

GAACAGGCAG

CGTGCGCGGA

CCGCCGCATT

TATGCCCTGT

CGCCGCCCTG

GTTTCGCGTG

CCTGCCGCCT

CGACGACCAA

NGNANGANNT

AGNCNNANNT

CACGCAANAN

ATTTTTATGC

CGCAACAATG

AGACGGCGCG

CCGGCGATGC

ACACGCGGCT

DLSASVPTRP

MAENVRNEWL

RAAELVKNTG

RNLAAALGSP

EQRSFAWGVL

ARRWDELASV

TGRNFYAVLA

SQSAGDAKMR

RTDRKLNYTL

RVGAQGLMQV

TGGNCCTGGT

AAGACCCCGG

CACCNGCCCT

ACCCGTCCGC

GCCTATTTGG

CGAGTGGCTG

ANGAATATGC

TACGCCGATT

AAATACGGGC

CCGCATCCGG

CTGCTGGCCG

GGGCAGCCCG

TGAACGTCAT

CTGTCCGAAA

GGGCGTATTG

TGGACTATTA

ATCGAGTGGT

GGCNNCCGNN

NGNTNNANTG

GCGGANAAAC

NGTGCTGNCN

TGCCCGATGC

ATTAAGCGCG

GAAAATGCGC

TCGATGAAGA

302
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-continued

1251 CAAGCTGCTG ACCGCCGCGC AAACCGCGTT CGACCACGGT TTTTACGATA

1301 TGGCGGTCAA CAGCGCGGAA CGCACCGACC GCAAACTCAA CTACACCTTG

1351 CGCTACATTT CGNNNNNTNA NGACACGGTA ATCCGCCACG CGCAAAATGT

1401 TAATGTCGAT CCGGCGTGGG TTTACGGGCT GATTCGTCAG GAAAGCCGCT

1451 TCGTTATGGG CGCGCAATCC CGCGTAGGCG CGCAGGGGCT GATGCAGGTT

1501 ATGCCTGCCA CCGCGCGCGA AATCGCCGGC AAAATCGGTA TGGATGCCGC

1551 ACAACTTTAC ACCGCCGACG GCAATATCCG TATGGGGACG TGGTATATGG

1601 CGGACACCAA ACGCCGCCTG CAAAACAACG AAGTCCTCGC CACCGCAGGC

1651 TATAACGCCG GTCCCGGCAG GGCGCGCCGA TGGCAGGCGG ACACGCCCCT

1701 CGAAGGCGCG GTATATGCCG AAACCATCCC GTTTTCCGAA ACGCGCGACT

1751 ATGTCAAAAA AGTGATGGCC AATGCCGCCT ACTACGCCTC CCTCTTCGGC

1801 GCGCCGCACA TCCCGCTCAA ACAGCGTATG GGCATTGTCC CCGCCCGCTG

1851 A

This corresponds to the amino acid sequence <SEQ ID 110;

ORF 019.a>:

a0l19 .pep

1 MYPPSLKHSL PLLVXLVLAA CSXTNTLSAD KTPADNIETA DLSASVPTXP

51 AEPEXKTXAD YGGYPSALDA VKQKNDAAVA AYLENAGDSA MAENVRNEWL

101 KSLGARRQWT LXAXEYAKLE PAXRAQEVEC YADSSRNDYT RAAELVKNTG

151 KLPSGCTKLL EQAAASGLLD GNDAWRRVRG LLAGRQTTDA RNLAAALGSP

201 FDGGTQGSRE YALLNVIGKE ARKSPNAAAL LSEMESGLSL EQRSFAWGVL

251 GHYQSQNLNV PAALDYXGKV ADRRQLTDDQ IEWYARAAXX XRXXXXXAXX

301 XXXXXXKXXX XXXXXXXXAR SRAATGNTQX AXKLYKQAAA XGXNFYAVLX

351 GEELGRXIDT RNNVPDAGKX SVLRMAEDGA IKRALVLFRN SRTAGDAKMR

401 RXAQAEWRFA TRGFDEDKLL TAAQTAFDHG FYDMAVNSAE RTDRKLNYTL

451 RYISXXXDTV IRHAQNVNVD PAWVYGLIRQ ESRFVMGAQS RVGAQGLMQV

501 MPATAREIAG KIGMDAAQLY TADGNIRMGT WYMADTKRRL QNNEVLATAG

551 YNAGPGRARR WQADTPLEGA VYAETIPFSE TRDYVKKVMA NAAYYASLFG

601 APHIPLKQRM GIVPAR*

m019/a019 88.9% identity over a 524 aa overlap

m019 .pep

aol9

m019 .pep

aol9

m019 .pep

aol9

10 20 30 40 50 60
MYLPSMKHSLPLLAALVLAACSSTNTLPAGKTPADNIETADLSASVPTRPAEPERKTLAD
IR
MYPPSLKHSLPLLVXLVLAACSXTNTLSADKTPADNIETADLSASVPTXPAEPEXKTXAD

10 20 30 40 50 60

70 80 90 100 110 120
YGGYPSALDAVKQKNDAAVAAYLENAGDSAMAENVRNEWLKS LGARROWTLFAQEYAKLE
COTLET LT TP e ey 1t
YGGYPSALDAVKQKNDAAVAAY LENAGDSAMAENVRNEWLKSLGARROWTLXAXEYAKLE

70 80 920 100 110 120

130 140 150 160 170 180
PAGRAQEVECYADS SRNDYTRARELVKNTGKLPSGCTKLLEQARASGLLDGNDAWRRVRG
LT LT PP T ]
PAXRAQEVECYADS SRNDYTRARELVKNTGKLPSGCTKLLEQARASGLLDGNDAWRRVRG

130 140 150 160 170 180

304
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-continued
190 200 210 220 230 240
m019.pep LLAGRQTTDARNLAAALGSPFDGGTQGSREYALLNVIGKEARKSPNAAALLSEMESGLSL

aol9 LLAGRQTTDARNLAAALGSPFDGGTQGSREYALLNVIGKEARKSPNAAALLSEMESGLSL
190 200 210 220 230 240
250 260 270 280 290 300

m019 .pep EQRSFAWGVLGHYQSQONLNVPAALDYYGKVADRRQLTDDQIEWYARAALRARRWDELASYV

aol9 EQRSFAWGVLGHYQSQNLNVPAALDYXGKVADRRQLTDDQIEWYARAAXXXRXXXXXAXX
250 260 270 280 290 300
310 320 330 340 350 360

m019 .pep ISHMPEKLQKSPTWLYWLARSRAATGNTQEAEKLYKQAAATGRNFYAVLAGEELGRKIDT

a0l9 XX XX XX KX XX XX XX XXXXARSRAATGNTOXAXKLYKQAAAXGXNFYAVLXGEELGRXIDT

310 320 330 340 350 360
370 380 390 400 410 420

m019 .pep RNNVPDAGKNSVRRMAEDGAVKRALVLFQNSQSAGDAKMRRQAQAEWRFATRGFDEDKLL

aol9 RNNVPDAGKXSVLRMAEDGAIKRALVLFRNSRTAGDAKMRRXAQAEWRFATRGFDEDKLL
370 380 390 400 410 420
430 440 450 460 470 480

m019 .pep TAAQTAFDHGFYDMAVNSAERTDRKLNYTLRYISPFKDTVIRHAQNVNVDPAWVYGLIRQ

aol9 TAAQTAFDHGFYDMAVNSAERTDRKLNYTLRY ISXXXDTVIRHAQNVNVDPAWVYGLIRQ
430 440 450 460 470 480
490 500 510 520

m01l9 .pep ESRFVIGAQSRVGAQGLMQVMPATAREIAGKIGMDAAQLYTADG

aol9 ESRFVMGAQSRVGAQGLMQVMPATAREIAGKI GMDAAQLYTADGNIRMGTWYMADTKRRL
490 500 510 520 530 540
aol9 ONNEVLATAGYNAGPGRARRWQADTPLEGAVYAETIPFSETRDYVKKVMANAAYYASLFG
550 560 570 580 590 600

30

Computer analysis of this amino acid sequence gave the fol-
lowing results:

Homology with a predicted ORF from N. gonorrhoeae
ORF 019 shows 95.5% identity over a 89 aa overlap with a
predicted ORF (ORF 019.ng) from N. gonorrhoeae:

g019/mo19
10 20 30 40 49
g019 .pep LLAALVLAACS STNTLPAGKTPADNIETADLSASVPTRPAEPEGKTLAD
FECLEEETEEEEE TR P e e et e ey
mo19 MYLPSMKHSLPLLAALVLAACS STNTLPAGKTPADN IETADLSASVPTRPAEPERKTLAD
10 20 30 40 50 60
50 60 70 80 89

g019.pep YGGYPSALDAVKQONNDAAAAAYLENAGDSAMAENVRKEWL

R R R Ay
mo19 YGGYPSALDAVKQKNDAAVAAYLENAGDSAMAENVRNEWLKS LGARROWTLFAQEYAKLE
70 80 920 100 110 120

The following partial DNA sequence was identified in N.
gonorrhoeae <SEQ ID 111>

g023.1SquTGGTAGAAC GTAAATTGAC CGGTGCCCAT TACGGTTTGC GCGATTGGGT
51 AATGCAGCGT GCGACTGCGG TTATTATGTT GATTTATACC GTTGCACTTT
101 TAGTGGTTCT ATTTGCCCTG CCTAAAGAAT ATCCGGCATG GCAGGCATTT
151 TTTAGTCAAG CTTGGGTAAA AGTATTTACC CAAGTGAGCT TTATCGCCGT
201 ATTCTTGCAC GCTTGGGTGG GTATCCGCGA TTTGTGGATG GACTATATCA
251 AACCCTTCGG CGTGCGTTTG TTTTTGCAGG TTGCCACCAT TGtctGGCTG

301 GTCGGCTGCC TCGTGTATTC AGTTAAAGTG ATTTGGGGGT AA

306
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This corresponds to the amino acid sequence <SEQ ID 112;
ORF 023.ng>:

g023.pep
1 MVERKLTGAH YGLRDWVMOR ATAVIMLIYT VALLVVLFAL PKEYPAWQAF

51 FSQAWVKVFT QVSFIAVFLH AWVGIRDLWM DYIKPFGVRL FLOVATIVWL

101 VGCLVYSVKV IWG*

10
The following partial DNA sequence was identified in N.
meningitidis <SEQ ID 113>

m023.fquTGGTAGAAC GTAAATTGAC CGGTGCCCAT TACGGTTTGC GCGATTGGGT
51 GATGCAACGT GCGACTGCGG TTATTATGTT GATTTATACC GTTGCACTTT
101 TAGTGGTTCT ATTTTCCCTG CCTAAAGAAT ATTCGGCATG GCAGGCATTT
151 TTTAGTCAAA CTTGGGTAAA AGTATTTACC CAAGTGAGCT TCATCGCCGT
201 ATTCTTGCAC GCTTGGGTGG GTATCCGCGA TTTGTGGATG GACTATATCA
251 AACCCTTCGG CGTGCGTTTG TTTTTGCAGG TTGCCACCAT CGTTTGGCTG

301 GTCGGCTGTC TCGTGTATTC AGTTAAAGTG ATTTGGGGGT AA

This corresponds to the amino acid sequence <SEQ ID 114;
ORF 023>

m023 .pep
1 MVERKLTGAH YGLRDWVMOR ATAVIMLIYT VALLVVLFSL PKEYSAWQAF

51 FSQTWVKVFT QVSFIAVFLH AWVGIRDLWM DYIKPFGVRL FLOVATIVWL

101 VGCLVYSVKV IWG*

The following partial DNA sequence was identified in N.
meningitidis <SEQ ID 115>

a023.1SquTGGTAGAAC GTAAATTGAC CGGTGCCCAT TACGGTTTGC GGGATTGGGC
51 GATGCAACGT GCGACCGCGG TTATTATGTT GATTTATACC GTTGCACTTT
101 TAGTGGTTCT ATTTGCTCTG CCTAAAGAAT ATTCGGCATG GCAGGCATTT
151 TTTAGTCAAA CTTGGGTAAA AGTATTTACC CAAGTGAGCT TCATCGCCGT
201 ATTCTTGCAC GCTTGGGTGG GTATCCGCGA TTTGTGGATG GACTATATNA
251 AACCCTTCGG CGTGCGTTTG TTTTTGCAGG TTGCCACCAT CGTCTGGCTG

301 GTCGGCTGCT TGGTGTATTC AATTAAAGTA ATTTGGGGGT AA

This corresponds to the amino acid sequence <SEQ ID 116;
ORF 023.a2>:

a023 .pep
1 MVERKLTGAH YGLRDWAMOR ATAVIMLIYT VALLVVLFAL PKEYSAWQAF

51 FSQTWVKVET QVSFIAVFLH AWVGIRDLWM DYXKPFGVRL FLOVATIVWL

101 VGCLVYSIKV IWG*

m023/a023 96.5% identity over a 113 aa overlap

65
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10 20 30 40 50 60
MVERKLTGAHYGLRDWVMQRATAVIMLIYTVALLVVLFSLPKEY SAWQAFFSQTWVKVFEFT
NN
MVERKLTGAHYGLRDWAMQRATAVIMLIYTVALLVVLFALPKEY SAWQAFFSQTWVKVFEFT

10 20 30 40 50 60

70 80 90 100 110
QVSFIAVFLHAWVGIRDLWMDY IKPFGVRLFLQVATIVWLVGCLVYSVKVIWGX

QVSFIAVFLHAWVGIRDLWMDYXKPFGVRLFLQVATIVWLVGCLVYSIKVIWGX
70 80 90 100 110

Computer analysis of this amino acid sequence gave the fol-

lowing results:

Homology with a predicted ORF from N. gonorrhoeae
ORF 023 shows 97.3% identity over a 113 aa overlap with a
predicted ORF (ORF 023.ng) from N. gonorrhoeae:

g023/m023

g023.pep

mo23

g023.pep

mo23

10 20 30 40 50 60
MVERKLTGAHYGLRDWVMORATAY IMLIYTVALLVVLEFALPKEY PAWQAFFSQAWVKVET
CELLEPETELE T T L P T ||||||
MVERKLTGAHYGLRDWVMQRATAV IMLIYTVALLVVLEFSLPKEY SAWQAFFSQTHVKVET
10 20 30 40 50 60
70 80 90 100 110
QVSFIAVFLHAWVGIRDLWMDY IKPFGVRLFLOVATIVWLVGCLVYSVKVIWGX
LTV EEETE LT E L
QVSFIAVFLHAWVGIRDLWMDY IKPFGVRLFLQVATIVWLVGCLVYSVKVIWGX
70 80 90 100 110

The following partial DNA sequence was identified in N.
gonorrhoeae <SEQ ID 117>:

g025.8eq

1 ATGTTGAAAC AAACgACACT TTTGGCAGCT TGTACCGCCG TTGCCGCTCT

51 GTTGGGCGGT TGcgCCACCC AACAGCCTGC TccTGTCATT GCAGGCAATT

101 CAGGTATGCA GACCGTATCG TCTGCGCCGG TTTACAATCC TTATGGCGCA

151 ACGCCGTACA ATGCCGCTCC TGCCGCCAac gatgcGCCYT ATGTGCCGCC

201 CGTGCAAact gcgcceggttT ATTCGCCTCC TGCTTATGTT CCGCcgtCTG

251 CACCTGCCGT TTCGGgtaca tatgtTCCTT CTTACGCACC CgtcgACATC

301 aacgCGGCGa cgCataCTAT TGTGCGTGGC GACACgGtgt acaACATTTc

351 caaAcgCtac CATATCTCTC AAGACGATTT CCGTGCGTGG AACGGCATGA

401 CCGACAATAC GTTGAGCATC GGTCAGATTG TTAAAGTCAA ACCGGCaggA

451 TATGCCGCAC CGAAAACCGC AGCCGTAGAA AGCAGGCCCG CCGTACCGGC

501 TGCCGCGCAA ACCCCTGTGA AACCCGCCGC gcaACCGCCC GTTCAGTCCG

551 CGCCGCAACC TGCCGCGCCC GCTGCGGAAA ATAAAGCGGT TCCCGCCCCC

601 GCGCCCGCCC CGCAATCTCC TGCCGCTTCG CCTTCCGGCA CGCGTTCGGT

651 CGGCGGCATT GTTTGGCAGC GTCCGACCCA AGGTAAAGTG GTTGCCGATT

701 TCGGCGGCGG CAACAAGGGT GTCGATATTG CCGGCAATGC CGGACAACCC

751 GTTTTGGCGG CGGCTGACGG CAAAGTGGTT TATGCCGGTT CAGGTTTGAG

801 GGGATACGGA AACTTGGTCA TCATCCAGCA CAATTCCTCT TTCCTGACCG

851 CGTACGGGCA CAACCAAAAA TTGCTGGTCG GCGAAGGTCA GCAGGTCAAA

901 CGCGGTCAGC AGGTTGCTTT GATGGGTAAT ACCGATGCTT CCAGAACGCA

951 GCTTCATTTC GAGGTGCGTC AAAACGGCAA ACCGGTTAAC CCGAACAGCT

1001 ATATCGCGTT CTGA

310
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This corresponds to the amino acid sequence <SEQ ID 118;

ORF 025.

g025.pep
1

51
101
151
201
251

301

ng>:

MLKOQTTLLAA

CTAVAALLGG CATQQPAPVI

TPYNAAPAAN

NAATHTIVRG

YAAPKTAAVE

APAPQSPAAS

VLAAADGKVV

RGOQVALMGN

DAPYVPPVQT APVYSPPAYV

DTVYNISKRY HISQDDFRAW

SRPAVPAAAQ TPVKPAAQPP

PSGTRSVGGI VWQRPTQGKV

YAGSGLRGYG NLVIIQHNSS

TDASRTQLHF EVRQNGKPVN

AGNSGMQTVS

PPSAPAVSGT

NGMTDNTLSI

VQSAPQPAAP

VADFGGGNKG

FLTAYGHNQK

PNSYIAF*

The following partial DNA sequence was identified in N.
meningitidis <SEQ ID 119>

mo25.seq
1

51
101
151
201
251
301
351
401
451
501
551
601
651
701
751
801
851
901
951

1001

1051

(partial)

.GTGCCGCCGG TGCAAAGCGC

GCCGTCTGCA CCTGCCGTTT

TCGACATCAA CGCGGCGACG

AACATTTCCA AACGCTACCA

CGGCATGACC GACAATACGT

CGGCAGGATA TGCCGCACCG

GTACCGGCTG CCGCGCAACC

CGCGGCGACG CATACTATTG

AACGCTACCA TATCTCTCAA

GACAATATGT TGAGCATCGG

TGCCGCACCG AAAACCGCAG

CCGTGCAAAC CCCTGTGAAA

CCGCAACCTG CCGCGCCCGC

CCCGCAATCT CCTGCCGCTT

TTGTTTGGCA GCGTCCGACG

AACAACAAGG GTGTCGATAT

GGCGGCTGAC GGCAAAGTGG

GAAACTTGGT CATCATCCAG

CACAACCAAA AATTGCTGGT

GCAGGTTGCT TTGATGGGCA

TCGAGGTGCG TCAAAACGGC

TTCTGA

GCCGGTTTAT

CGGGTACATA

CATACTATTG

TATCTCTCAA

TGAGCATCGG

AAAGCCGCAG

GCCCGTACAG

TGCGCGGCGA

GACGATTTCC

TCAGATTGTT

CCGTAGAAAG

CCCGCCGCGC

TGCGGAAAAT

CGCCTTCCGG

CAAGGTAAAG

TGCCGGTAAT

TTTATGCCGG

CATAATTCTT

CGGCGAGGGG

ATACCGATGC

AAACCGGTTA

ACGCCTCCTG

CGTTCCTTCT

TGCGCGGCGA

GACGATTTCC

TCAGATTGTT

CCGTAAAAAG

TCCGCACCCG

CACGGTGTAC

GTGCGTGGAA

AAAGTCAAAC

CAGGCCCGCC

AACCGCCTGT

AAAGCGGTTC

CACGCGTTCG

TGGTTGCCGA

GCGGGACAGC

TTCAGGTTTG

CTTTCCTGAC

CAGCAGGTCA

TTCCAGAACG

ACCCGAACAG

This corresponds to the amino acid sequence <SEQ ID 110;
ORF 025>

mo25.pep
1

51

101

(partial)

SAPVYNPYGA

YVPSYAPVDI

GQIVKVKPAG

AAENKAVPAP

VDIAGNAGQP

LLVGEGQQVK

CTTATGTTCC

TACGCACCCG

CACGGTGTAC

GTGCGTGGAA

AAAGTCAAAC

CAGGCCCGCC

TCGACATTAA

AACATTTCCA

CGGCATGACC

CGGCAGGATA

GTACCGGCTG

GCAGTCCGCG

CCGCGCeeae

GTCGGCGGCA

TTTCGGCGGC

CCGTTTTGGC

AGGGGATACG

CGCATACGGG

AACGCGGTCA

CAGCTTCATT

CTATATCGCG

. .VPPVQSAPVY TPPAYVPPSA PAVSGTYVPS YAPVDINAAT HTIVRGDTVY

NISKRYHISQ DDFRAWNGMT DNTLSIGQIV KVKPAGYAAP KAAAVKSRPA

VPAAAQPPVQ SAPVDINAAT HTIVRGDTVY NISKRYHISQ DDFRAWNGMT

312
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-continued
DNMLSIGQIV KVKPAGYAAP KTAAVESRPA VPAAVQTPVK PAAQPPVQSA

PQPAAPAAEN KAVPAPAPQS PAASPSGTRS VGGIVWQRPT QGKVVADFGG
NNKGVDIAGN AGQPVLAAAD GKVVYAGSGL RGYGNLVIIQ HNSSFLTAYG
HNQKLLVGEG QQVKRGQQVA LMGNTDASRT QLHFEVRONG KPVNPNSYIA
F*

10

The following partial DNA sequence was identified in N.
meningitidis <SEQ ID 111>

a025.seq
1

51
101
151
201
251
301
351
401
451
501
551
601
651
701
751
801
851
901
951

1001
1051
1101
1151

1201

ATGTTGACAC CAACAACACT TTAGGTAGCT TGTACCGCCC TTGCCGCTCA

GTTGGGCGGA TGCCCCACCC AACACCCTTC TCCTGTCATT GCAGGCAATT

CAGGTATGCA GACCGTACCG TCTGCGCCGG TTTACAATCC TTATGGCGCA

ACGCCGTACA ATGCCGCTCC TGCCGCCAAC GATGCGCCGT ATGTGCCGCC

GGTGCAAAGC GCGCCGGTTT ATANGCCTCC TGCTTATGTT CCGCCGTCTG

CACCTGCCGT TTCGGGTACA TACGTTCCTT CTTACGCANC CGTCGACATC

AACGCGGCGA CCCATACTAT TGTGCGCGGC GACACCGTGT ACAAGATTTC

CAAATGCTAC CATATCTCTC AAGACGATTT CCGTGCGTGG AACGGCATGA

CCGACAATAC GTTGAGCATC GGTCAGATTG TTAAAGTCAA ACCGGCAGGA

TATGCCGCAC CGAAAGCCGC AGCCGTAAAA AGCAGGCCCG CCGTACCGGC

TGCCGCGCAA CCGCTCGTAC AGTCCGCACC CGTCGACATC AACGCGGCGA

CGCATACTAT TGTGCGCGGC GACACGGTGT ACAACATTTC CAAACGCTAC

CATATCTCTC AAGACGATTT CCGTGCGTGG AACGGCATGA CCGACAATAC

GTTGAGCATC GGTCAGATTG TTAAAGTCAA ACCGGCAGGA TATGCCGCAC

CGAAAGCCGC AGCCGTAAAA AGCAGGCCCG CCGTACCGGC TGCCGTGCAA

ACCCCTGTGA AACCCGCCGC GCAACCGCCT GTGCAGTCCG CGCCGCAACC

TGCCGCGCCC GCTGCGGAAA ATAAAGCGGT TCCCGCGCCC GCCCCGCAAT

CTCCTGCCGC TTCGCCTTCC GGCACGCGTT CGGTCGGCGG CATTGTTTGG

CAGCGTCCGA CGCAAGGTAA AGTGGTTGCC GATTTCGGCG GCAACAACAA

GGGTGTCGAT ATTGCAGGAA ATGCGGGACA GCCCGTTTTG GCGGCGGCTG

ACGGCAAAGT GGTTTATGCA GGTTCCGGTT TGAGGGGATA CGGCAATTTG

GTCATCATCC AGCATAATTC TTCCTTCCTG ACCGCATACG GGCACAACCA

AAAATTGCTG GTCGGCGAAG GCCAGCAGGT CAAACGCGGG CAGCAGGTCG

CTTTGATGGG CAATACCGAG GCTTCTAGAA CGCAGCTTCA TTTCGAGGTG

CGGCAAAACG GCAAACCGGT TAATCCGAAC AGCTATATCG CGTTCTGA

55

This corresponds to the amino acid sequence <SEQ ID 112;

ORF 025.

a025.pep
1

51

101

151

a>:

MLTPTTL*VA CTALAAQLGG CPTQHPSPVI AGNSGMQTVP SAPVYNPYGA

TPYNAAPAAN DAPYVPPVQS APVYXPPAYV PPSAPAVSGT YVPSYAXVDI

NAATHTIVRG DTVYKISKCY HISQDDFRAW NGMTDNTLSI GQIVKVKPAG

YAAPKAAAVK SRPAVPAAAQ PLVQSAPVDI NAATHTIVRG DTVYNISKRY

314
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-continued

HISQDDFRAW NGMTDNTLSI GQIVKVKPAG YAAPKAAAVK SRPAVPAAVQ

TPVKPAAQPP VQSAPQPAAP AAENKAVPAP APQSPAASPS GTRSVGGIVW

ORPTQGKVVA DFGGNNKGVD IAGNAGQPVL AAADGKVVYA GSGLRGYGNL

VIIQHNSSFL TAYGHNQKLL VGEGQQVKRG QQVALMGNTE ASRTQLHFEV

RONGKPVNPN SYIAF*

m025/a025 97.4% identity over a 351 aa overlap

mo25

a025

mo25

a025

mo25

a025

mo25

a025

mo25

a025

mo25

a025

mo25

a025

-pep

-pep

-pep

-pep

-pep

-pep

-pep

10 20 30

VPPVQSAPVYTPPAYVPPSAPAVSGTYVPS

LT LU

GMQTVPSAPVYNPYGATPYNAAPAANDAPYVPPVQSAPVYXPPAYVPPSAPAVSGTYVPS
40 50 60 70 80 90

40 50 60 70 80 90
YAPVDINAATHTIVRGDTVYNISKRYHI SODDFRAWNGMTDNTLSIGQIVKVKPAGYAAP
N
YAXVDINAATHTIVRGDTVYKISKCYHI SOQDDFRAWNGMTDNTLSIGQIVKVKPAGYAAP

100 110 120 130 140 150

100 110 120 130 140 150

KAAAVKSRPAVPAAAQPPVQSAPVDINAATHTIVRGDTVYNI SKRYHI SQDDFRAWNGMT

CEPEELLETETEE T P LT

KAAAVKSRPAVPAAAQPLVQSAPVDINAATHTIVRGDTVYNI SKRYHI SQDDFRAWNGMT
160 170 180 190 200 210

160 170 180 190 200 210

DNMLSIGQIVKVKPAGYARPKTAAVESRPAVPARVOTPVKPARQPPVQSAPOPAAPAAEN

LT = PR LT T

DNTLSIGQIVKVKPAGYARPKAAAVKSRPAVPAAVOTPVKPARQPPVQSAPQPAAPAAEN
220 230 240 250 260 270

220 230 240 250 260 270

KAVPAPAPOSPAAS PSGTRSVGGI VWORPTQGKVVADFGGNNKGVD IAGNAGOPVLAAAD

CELLETT LT TP L L T

KAVPAPAPQSPAAS PSGTRSVGGI VWORPTQGKVVADFGGNNKGVD IAGNAGOPVLAAAD
280 290 300 310 320 330

280 290 300 310 320 330
GKVVYAGSGLRGYGNLVIIQHNSSFLTAYGHNQKLLVGEGQQVKRGQQVALMGNTDASRT
N an
GKVVYAGSGLRGYGNLVIIQHNSSFLTAYGHNQKLLVGEGQQVKRGQQVALMGNTEASRT

340 350 360 370 380 390

340 350
QLHFEVRQNGKPVNPNSYIAFX

[ETLTTELLETE
QLHFEVRQNGKPVNPNSYIAFX
400 410

Computer analysis of this amino acid sequence gave the fol-

lowing results: 45
Homology with a predicted ORF from N. gonorrhoeae
ORF 025 shows 75.6% identity over a 353 aa overlap with a
predicted ORF (ORF 025.ng) from N. gonorrhoeae:
mo25/9025
10 20 30
mo25 . pep VPPVQSAPVYTPPAYVPPSAPAVSGTYVPS
CETLE= L= T LT
g025 GMQTVS SAPVYNPYGATPYNAAPAANDAPYVPPVQTAPVYSPPAYVPPSAPAVSGTYVPS

mo25

go025

mo25

go025

mo25

go025

-pep

-pep

-pep

40 50 60 70 80 90

40 50 60 70 80 90

YAPVDINAATHTIVRGDTVYNISKRYHI SODDFRAWNGMTDNTLSIGOIVKVKPAGYAAP

CETLETEEELEL TP T

YAPVDINAATHTIVRGDTVYNISKRYHI SODDFRAWNGMTDNTLSIGOIVKVKPAGYAAP
100 110 120 130 140 150

100 110 120 130 140 150
KAAAVKSRPAVPAAAQPPVQSAPVDINAATHTIVRGDTVYNISKRYHI SQDDFRAWNGMT

160 170 180 190 200 210

DNMLSIGQIVKVKPAGYAAPKTAAVESRPAVPAAVQTPVKPAAQPPVQSAPQPAAPAAEN

VLT DT LT

————————————————————— TAAVESRPAVPAARQTPVKPAAQPPVQSAPQPAAPAAEN
160 170 180 190

316
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-continued
220 230 240 250 260
m025.pep KAVPAPAP--QSPAASPSGTRSVGGIVWORPTQGKVVADFGGNNKGVD IAGNAGQPVLAA

CELLELEE TEE PP TP = LT T
g025 KAVPAPAPAPQSPAASPSGTRSVGGI VWORPTQGKVVADFGGGNKGVD IAGNAGQPVLAR
200 210 220 230 240 250

270 280 290 300 310 320
m025.pep ADGKVVYAGSGLRGYGNLVIIQHNSSFLTAYGHNQKLLVGEGQQVKRGQQVALMGNTDAS

g025 ADGKVVYAGSGLRGYGNLVIIQHNSSFLTAYGHNQKLLVGEGQQVKRGQQVALMGNTDAS
260 270 280 290 300 310

330 340 350
m025.pep RTQLHFEVRONGKPVNPNSYIAFX

CETPELEEELET L
g025 RTQLHFEVRONGKPVNPNSYIAFX
320 330

15

The following partial DNA sequence was identified in N.
gonorrhoeae <SEQ ID 113>:

031.se

° 1 qATGGTGTCCC TCCGCTTCAG ATTCGGCAAC CACTTTAAAC GCCGACATTC
51 TGACAATTTC CTTTTCCGCC AGCCAAATAT CATGCGTATC TTTCGGTTCG
101 GGCTTGTTGG GCATGGCAAC CTTCAACAGC CGCGCCATCA CAGGAATCGT
151 CGTTCCCTGA ATCAGCAGCG ACAGCACCAC CACGGCAAAC GCCACATCAA
201 ACAGCAGGTG CGAATTGGGA ACGCCCATCA CCAGCGGCAT CATCGCCAGC
251 GAAATCGGTA CGGCTCCTCG CAAGCCCAAC CAACTGATAT ACGCCTTTTC
301 ACGCAGGCTG TAATTGAATT TCCACAAACC GCCGAACACT GCCAGCGGAC
351 GCGCGACCAG CATCAGGAAC GCCGCAATCG CCAAGGCTTC CGCCGCCCTG
401 TCCAACACGC CGGCGGGAGA AACCAGCAGA CCGAGCATGA CGAACAAAGT
451 TGCCTGCGCC AGCCAAGCCA AACCGTCCAT CACACGCAAA ACGTGTTCCG
501 TcgcACGGTT GCGCTGGTTA CCGACAATGA TGCCGGCAAG GTAAACCGCC
551 AAAAAGCCGC TGCCGCCTAT GGTATTGGTA AACGCAAACA CAAGCAGCCC
601 GCCCGACACA ATCATCAGCG CGTACAGACC TTCCGtacac acctccaatt
651 cccaatcaac gtcatagetg tcectccecgtgt taaaatgttce ttcacttceag
701 aatccececce ttetteccag cccgaaacct tcatgtgtta naccctgggg
751 tgccccaacg gatttagtaa cctcccaatg actcectgettg tcecgecccecett

801 cgccegettt ctectteegg gaaaacttgt tgtcceegte ttacattaa

This corresponds to the amino acid sequence <SEQ ID 114;
ORF 031.ng>:

91031.1p epMVSLRFRFGN HFKRRHSDNF LFRQPNIMRI FREGLVGHGN LQQPRHHRNR
51  RSLNQQRQHH HGKRHIKQQV RIGNAHHQRH HRQRNRYGSS QAQPTDIRLF
101 TQAVIEFPQT AEHCQRTRDQ HQERRNRQGF RRPVQHAGGR NQQTEHDEQS
151 CLRQPSQTVH HTQNVFRRTV ALVTDNDAGK VNRQKAAAAY GIGKRKHKQP
201 ARHNHQRVQT FRTHLQFPIN VIAVSRVKMF FTSESPPSSQ PETFMCXTLG

251 CPNGFSNLPM TLLVAPFARF LLPGKLVVPV LH*
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The following partial DNA sequence was identified in N.
meningitidis <SEQ ID 115>:

mo031l.seq (partial)

1 .. .CGCCTGAAGC ACGGTGTCGG ACTGCATTTC TATTCGGCTA TACGCCTTTT
51 CACGCAGGCT GTAATTGAAT TTCCACAAAC CGCCGAACAC TGCCGACGGA
101 CGCGCGACCA GCATCAGGAA CGCCGCAATC GCCAAgGCTT CCGCCGCCCT
151 GTCCAACACG TTGGCAGGAG AAACCAGCAG CAAAGGCATT CCCAAACGTG
201 CGGACAAAGT GGTCGAAACC ACGCTCAGAA ACAACAGTGC GCCACCCGGC
251 AG. ...

This corresponds to the amino acid sequence <SEQ ID 116;

ORF 031>:
mO031.pep (partial)
1 .RLKHGVGLHF YSAIRLFTQA VIEFPQTAEH CRRTRDQHQE RRNRQGFRRP

51 VQHVGRRNQQ QRHSQTCGQS GRNHAQKQQC ATRQ. . ..
20

The following partial DNA sequence was identified in N.
meningitidis SEQ ID 117>

a03l.seq
1 ATACGCCTTT TCACGCAGGC TGTAATTGAA TTTCCACAAA CCGCCGAACA

51 CTGCCGGCGG ACGCGCGACC AGCATCAGGA ACGCCGCAAT CGCCAAGGCT
101 TCCGCCGCCC CGTCCAACAC GTTGGCAGGA GAAACCAGCA GCAAAGGCAT
151 TCCCAAACGT GCGGACAAAG TGGTCGAAAC CACGCTCAGA AACAACAGTG

201 CGCCACCCGG CAG

This corresponds to the amino acid sequence <SEQ ID 118;
ORF 031.a>:

a031.pep (partial)
1 IRLFTQAVIE FPQTAEHCRR TRDQHOERRN RQGFRRPVQH VGRRNQQORH

51  SQTCGQSGRN HAQKQQCATR Q
m031/a031 100.0% identity over a 71 aa overlap

10 20 30 40 50 60
m031.pep RLKHGVGLHFYSATRLFTQAVIEFPQTAEHCRRTRDOHOERRNRQGFRRPVOHVGRRNOQ
|||||||||||||||||||||||||||||||||||||||||||||||
a031 IRLFTQAVIEFPQTAEHCRRTRDOHQERRNRQGFRRPVOHVGRRNOQQ
10 20 30 40

70 80

m031.pep QRHSQTCGQSGRNHAQKQQCATRQ
CLVETEETEE T

a031 QRHSQTCGQSGRNHAQKQQCATRQ
50 60 70

55
Computer analysis of this amino acid sequence gave the fol-
lowing results:
Homology with a predicted ORF from N. gonorrhoeae
ORF 031 shows 60.0% identity over a 85 aa overlap with a
predicted ORF (ORF 031.ng) from N. gonorrhoeae:
mo31/g031
10 20 30
mo31.pep RLKHGVGLHFYSAIRLETOAVIEFPOTAEH
S ATTLE LT
g031 NQOROHHHGKRHI KQOVRI GNAHHORHHRORNR YGSSQAQPTD IRLEFTQAV IEFPQTAEH

60 70 80 90 100 110
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-continued
40 50 60 70 80
mo31.pep CRRTRDQHQERRNRQGFRRPVQHVGRRNQQQRHS QTCGQSGRNHAQKQQCATRQ

go31 CORTRDQHQERRNRQGFRRPVOHAGGRNQQOTEHDEQSCLROPSQTVHHTONVFRRTVALY

120 130 140 150 160 170
g031 TDNDAGKVNRQKAAAAYGIGKRKHKQPARHNHQRVQTFRTHLQFPINVIAVSRVKMFFTS
180 190 200 210 220 230
10

The following partial DNA sequence was identified in N.
gonorrhoeae <SEQ ID 119>:

032.

° fquTGCGGCGAA ACGTGCCTGC CGTCGCCGTA TTGCGCCGCC CACGATTCGA
51 GGCGTTTTTG GATTTGGCGT TGGCTCAGGC GCGTGCCGTT CCTGCCGGTA
101 AACAGGGCTT TGCCGTCCGA TGCCGTCTGA CGCAGCGGCA GATAGTTTTT
151 CAAGGCTTCC ACGCTTTTGC CGGTCAGCGG AACCTGACGC TGCTTGCGCC
201 CTTTGCCGGT AACGTGTACC CACGCTTCGT CCAAATATAC ATCATCTGCA
251 TTCAAGCCGT GTATCTCGCT CACGCGCAAA CCGCTGCCGT ACATCAGCTC
301 GAACAGCGCG TGGTCGCGCA CCGCCAGCGG GTCGCCGCCG TCCACGGGCA
351 AATCCAACAT CCGGTTCAGC CATTCCTGCG GCAGGGCTTT GGGTACGCGC
401 TCGGGCTGCT TCGGCGGTTT GATGTCGGCG GTCGGGTCGG CGCGCATCAG
451 CCCGCGTTTG ACCAGCCAGG CGCAATACTG CCGCCACGCC GACAGCTTGC
501 GCGCCAGCGT CCGACCGTCC AAACCGCGCT GCGACAGCCG CCGCAACGCC
551 GCccgTAAAAT CGCGCCGCGA CAAGTCCTGC GGCACGCcge ctgcaTCTTC
601 AGACGGCATT TGTGCCAACA GTGCAAACAG TTCTTCCAAA TCGCGCCGGT
651 ATGCCGCAAC CGTGTGCTCC GACTTGCCCT CGCGCACGAT GTTTTCCAAA
701 TAAGCGTCAA AATacgccgC AAACccgTCC AAAACCATAA CCGTCCCACA

751 CAAATATCAA AAAACCAGTG A
40

This corresponds to the amino acid sequence <SEQ ID 110;
ORF 032.ng>:

g032.pep
1 MRRNVPAVAV LRRPRFEAFL DLALAQARAV PAGKQGFAVR CRLTQRQIVF

51 QGFHAFAGQR NLTLLAPFAG NVYPRFVQIY IICIQAVYLA HAQTAAVHQL

101 EQRVVAHRQR VAAVHGQIQH PVQPFLRQGF GYALGLLRRF DVGGRVGAHQ
151 PAFDQPGAIL PPRRQLARQR PTVQTALRQP PQRRRKIAPR QVLRHAACIF
201 RRHLCQQCKQ FFQIAPVCRN RVLRLALAHD VFQISVKIRR KPVQNHNRPT
251  QISKNQ*

55
The following partial DNA sequence was identified in N.
meningitidis <SEQ ID 111>

m032.seq (partial)
1 ATGCGGCGAA ACGTGCMTGC mMGTCGCCGTT kKTGCGCCGCC CATTGCGCCA

51 AACGTTTTTG GATTTGGCGT TGGCTCAGGC GCGTGCCGTT CCTGCCGGTA
101 AACAGGGCTT TGCCGTCCGA TGCCGTCTGA CGCAGCGGCA GATAGTTTTT

151 CAGGGCTTCC ACGCTTTTGC CGACCAGCGG CACCTGCCGC TgTT.GCGCC



201

251

301

351

401

451

501

CTTTGCCGAT

TTCAAGCCGT

GAACAGGGCG

AATCCAGCAT

TCGGGCTGCT

GCCGCGCTTT

GAGCCAGCGT

323

-continued

AACGTGTACC

GTATCTCGCT

TGGTCGCGCA

CCGGTTCAGC

TCGGCGGTTT

ACCAGCCAARA

CCGTTCCCCC

CACGCYyTCGT
CACGCGCAARA
CCGCCAGCGG
CATTCCTGCG
GATGTCGGCG
CGCAATACTG

AAACCGCG. ..

US 9,266,929 B2

CCAAATAGAC

CCGCTGCCGT

GTCGCCGCCG

GCAGGGCTTT

GTCGGGTCGG

CCGCCAAGAC

This corresponds to the amino acid sequence <SEQ ID 112;
ORF 032>

m032.pep
1

51
101

151

(partial)

MRRNVXAVAV XRRPLRQTFL DLALAQARAV PAGKQGFAVR

QGFHAFADQR HLPLXAPFAD NVYPRXVQID IICIQAVYLA

ATCATCTGCA

ACATCAGTTC

TCCACGGGCA

GGGTACGCGC

CGTGCATCAG

GAAAGCTTGC

CRLTQRQIVF

HAQTAAVHQF

EQGVVAHRQR VAAVHGQIQH PVQPFLRQGF GYALGLLRRF

AALYQPNAIL PPRRKLASQR PFPQTA. ..

The following partial DNA sequence was identified in N.
meningitidis <SEQ ID 113>

a032.seq

1

51

101

151

201

251

301

351

401

451

501

551

601

651

701

751

ATGCGGCGAA

AACGTTTTTG

AACAGGGCTT

CAGGGCTTCC

CTTTGCCGGT

TTCAAGCCGT

GAACAGCGCG

AATCCAGCAT

TCGGGCTGCT

ACCGCGTTTG

GCGCCAGCGT

GCCGTAAAAT

AGACGGCATT

ATGCCGCCAC

TAAGCGTCAA

CAAATATCAA

ACGTGCCTGC

GATTTGGCGT

TGCCGTCCGA

ACGCTTTTGC

AACGTGTACC

GTATCTCGCT

TGATCGCGCA

CCGGTTCAGC

TCGGCGGTTT

ACCAGCCAGG

CCGCGCATTC

CGCGCTGCGA

TGTGCCAACA

CGTGTGCTCC

AATGCGCCGC

AAAAACAGTG

CGTCGCCGTT

TGGCTCAGGC

TGCCGTCTGA

CGGTCAGCGG

CACGCCTCGT

CACGCGCAARA

CCGCCAGCGG

CATTCCTGCG

GATGTCGGCG

CGCAATACTG

AAACCGCGCT

CAAGCCCTGC

GCGCAAACAG

GACTTGCCCT

AAACCCGTCC

A

TTGCGCCGCC

GCGTGCCGTT

CGCAGCGGCA

AACCTGCCGC

CCAAATATAC

CCGCTGCCGT

GTCGCCGCCG

GCAGGGCTTT

GTCGGGTCGG

CCGCCAAGAC

GCGACAGCCG

GGCACGCCGC

TTCTTCCAAA

CGCGCACGAT

AAAACCATAA

This corresponds to the amino acid sequence <SEQ ID 114;

ORF 032.

a032.pep

1

51

101

151

a>:

MRRNVPAVAV LRRPLRQTFL DLALAQARAV PAGKQGFAVR

QGFHAFAGQR NLPLLASFAG NVYPRLVQIY IICIQAVYLA

DVGGRVGVHQ

25

CATTGCGCCA

CCTGCCGGTA

GATAGTTTTT

TGCTTGCGTC

ATCATCTGCA

ACATCAGTTC

TCCACGGGCA

GGGTACGCGC

TATGCAGCAG

GACAGCTTGC

CCGCAACGCC

CTGCATCTTC

TCGCGCCGGET

GTTTTCCAAA

CCGCCCCACA

55

CRLTQRQIVF

HAQTAAVHQF

EQRVIAHRQR VAAVHGQIQH PVQPFLRQGF GYALGLLRRF

TAFDQPGAIL PPRRQLARQR PRIQTALRQP PQRRRKIALR

DVGGRVGMQQ

QALRHAACIF

324
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-continued
201 RRHLCQQRKQ FFQIAPVCRH RVLRLALAHD VFQISVKMRR KPVQNHNRPT

251  QISKKQ¥
m032/a032 88.1% identity over a 176 aa overlap

10 20 30 40 50 60
m032 .pep MRRNVXAVAVXRRPLRQTFLDLALAQARAVPAGKQGFAVRCRLTQRQIVFQGFHAFADQR

a032 MRRNVPAVAVLRRPLRQTFLDLALAQARAVPAGKQGFAVRCRLTQRQIVFQGFHAFAGQOR
10 20 30 40 50 60
70 80 90 100 110 120

m032 .pep HLPLXAPFADNVYPRXVQIDIICIQAVYLAHAQTAAVHQFEQGVVAHRQRVAAVHGQIQH

a032 NLPLLASFAGNVYPRLVQIYIICIQAVYLAHAQTAAVHQFEQRVIAHRQRVAAVHGQIQH
70 80 90 100 110 120
130 140 150 160 170

m032 .pep PVQPFLRQGFGYALGLLRRFDVGGRVGVHQAALYQPNAILPPRRKLASQRPFPQTA

a032 PVQPFLRQGFGYALGLLRRFDVGGRVGMQQTAFDQPGAILPPRRQLARQRPRIQTALRQP
130 140 150 160 170 180
a032 PORRRKIALRQALRHAACIFRRHLCQQORKQFFQIAPVCRHRVLRLALAHDVFEFQI SVKMRR
190 200 210 220 230 240

Computer analysis of this amino acid sequence gave the fol- »s
lowing results:
Homology with a predicted ORF from N. gonorrhoeae
ORF 032 shows 86.4% identity over a 176 aa overlap with a
predicted ORF (ORF 032.ng) from N. gonorrhoeae:

mo32/g032

10 20 30 40 50 60
m032 .pep MRRNVXAVAVXRRPLRQTFLDLALAQARAVPAGKQGFAVRCRLTQRQIVFQGFHAFADQR

g032 MRRNVPAVAVLRRPRFEAFLDLALAQARAVPAGKQGFAVRCRLTQRQIVFQGFHAFAGQR
10 20 30 40 50 60
70 80 90 100 110 120

m032 .pep HLPLXAPFADNVYPRXVQIDIICIQAVYLAHAQTAAVHQFEQGVVAHRQRVAAVHGQIQH

g032 NLTLLAPFAGNVYPRFVQIYIICIQAVYLAHAQTAAVHQLEQRVVAHRQRVAAVHGQIQH
70 80 90 100 110 120
130 140 150 160 170

m032 .pep PVQPFLRQGFGYALGLLRRFDVGGRVGVHQAALYQPNAILPPRRKLASQRPFPQTA

g032 PVQPFLRQGFGYALGLLRRFDVGGRVGAHQPAFDQPGAILPPRRQLARQRPTVQTALRQP
130 140 150 160 170 180
g032 PORRRKIAPRQVLRHAACIFRRHLCQQCKQFFQIAPVCRNRVLRLALAHDVFQISVKIRR
190 200 210 220 230 240

The following partial DNA sequence was identified in N.
gonorrhoeae <SEQ ID 115>

g033.s8eq
1 ATGGCGGCGG CGGACAAACT CTTGGGCGGC GACCGCCGCA GCGTCGCCAT

51 CATCGGAGAC GGCGCGATGA CGGCGGGGCA GGCGTTTGAA GCCTTGAATT
101 GCGCGGGCGA TATGGATGTG GATTTGCTGG TCGTCCTCAA CGACAACGAA
151 ATGTCGATTT CCCCCAACGT CGGCGCGTTG CCCAAATATC TTGCCAGCAA
201 CGTCGTGCGC GATATGCACG GACTGTTGAG TACCGTCAAA GCGCAAAcYY
251 GCAAGGTATT AGACAAAATA CCCGGCGCGA TGGagtTTGC CCAAAAAGTC
301 GAACAcaaaA TCAAAACCCT TGCCGAAGAA GCCGAACACG CCAAACAGTC
351 GCTGTCGCTG TTTGAAAATT TCGGCTTCCG CTACACCGGC CCCGTGGACG

401 GACACAACGT CGAGAATCTG GTGGACGTAT TGAAAGACTT GCGCAGCCGC

326



451

501

551

601

651

701

751

801

851

901

951

1001

1051

1101

1151

1201

1251

1301

1351

1401

1451

1501

AAAGGCCCTC
ACTCGCCGAA
AAGAAGGCGG
aaaccgACCT
GGCAGATTCC
GACTGGTGGA
ATCGCCGAGC
CATGAAGCCC
ACCAACTGGT
GTCGACCGTG
GTACGATTTG
CGAGCGATGA
GATGCGCCCG
GGTTTCAGAC
GCGAAGGTGA
GCATTGGCGG
cgtcaaacCG
accGCATCGT
GCGGTCTTGG
TTTGGGCGTT
TGGACGATTT

TGGCTGCCGG

327

-continued

AGTTGCTGCA
AACGACCCcg
GGCGCAAATY
ATACCCAAGT
CGACTGGTTG
GTTTGAACAA
AGCACGCCGT
GTCGTGGCGA
GCACGACATC
CGGGCATCGT
AGCTTCTTGC
AAACGAATGC
CCGCCGTCCG
GGCATGGAAA
GAAAACCGCC
TTGCCGAAARA
ATAGACGAAG
TACCCTTGAA
AAGTGTTGGC
GCCGATACCG
GGGTTTGAGT

ACCGTGATGC

CGTCATCACC

tcaAATACCA

CcGTCTGAAA

ATTCGGCAAA

CGATTACCCC

CGATTCCCCG

tacCTTTGCC

TTTATTCCAC

GCCCTGCAAA

CGGCGCGGAC

GCTGTGTGCC

CGCCTGCTGC

CTATCCGCGC

CCGTGGAAAT

TTcatTGCCT

ACTGAACGCC

AGTTGATTGT

GAAAACGCCG

GAAACACGGC

TAACCGAACA

GCCGAAGCGG

GGCAAATTAA

US 9,266,929 B2

AAAAAGGGCA

CGCCGTCGCe

AAGAACCCAA

TGGCTGTGCG

CGCCATGCGC

ACCGCTATTT

GGCGGTTTGG

CTTTTTACAA

ACCTGCCCGT

GGTCCGACCC

GAACATGATT

TTTCGACCTG

GGCACGGGTA

CGGCAAGGGC

TCGGCAGTAT

ACCGTCGCCG

CCGCCTTGCC

AACAGGGCGG

ATCTGCAAAC

CGGCGATCCG

TGGAACGCCG

This corresponds to the amino acid sequence <SEQ ID 116;

ORF 033.ng>:
g033.pep

1 MAAADKLLGG
51 MSISPNVGAL
101 EHKIKTLAEE
151 KGPQLLHVIT
201 KPTYTQVFGK
251 IAEQHAVTFA
301 VDRAGIVGAD
351 DAPAAVRYPR
401  ALAVAEKLNA
451 AVLEVLAKHG
501 WLPDRDAAN*

DRRSVAIIGD

PKYLASNVVR

AEHAKQSLSL

KKGNGYKLAE

WLCDRAAADS

GGLACEGMKP

GPTHAGLYDL

GTGTGAPVSD

TVADMRFVKP

ICKPVLLLGV

GAMTAGQAFE

DMHGLLSTVK

FENFGFRYTG

NDPVKYHAVA

RLVAITPAMR

VVAIYSTFLQ

SFLRCVPNMI

GMETVEIGKG

IDEELIVRLA

ADTVTEHGDP

ALNCAGDMDV

AQTGKVLDKI

PVDGHNVENL

NLPKEGGAQM

EGSGLVEFEQ

RAYDQLVHDI

VAAPSDENEC

IIRREGEKTA

ACGGCTACAA
aACCTGCcta
GCCCGCCgCe
ACCGGGCGGC
GAGGGCAGCG
CGATGTCGGC
CGTGCGAAGG
CGCGCCTACG
TTTGTTTGCC
ATGCCGGCTT
GTTGCCGCGC
CTATCAGGCG
CGGGCGCGCC
ATTATCCGCC
GGTCGCCACC
ATATGCGCTt
CGAAGCCAcg
CGCAGGCGGC
CCGTTTTGCT
AAAAAACTTT

GGTGCGCGAG

DLLVVLNDNE
PGAMEFAQKV
VDVLKDLRSR
PSEKEPKPAA
RFPDRYFDVG
ALONLPVLFA

RLLLSTCYQA

FIAFGSMVAT

RSHDRIVTLE

KKLLDDLGLS

The following partial DNA sequence was identified in N.
meningitidis <SEQ ID 117>

m033.seq

1

ATGGCGGCGG CAGACAAACT CTTGGGCAGC GACCGCCGCA

ENAEQGGAGG

AEAVERRVRE

60

GCGTCGCCAT

328



51

101

151

201

251

301

351

401

451

501

551

601

651

701

751

801

851

901

951

1001

1051

1101

1151

1201

1251

1301

1351

1401

1451

1501

CATCGGCGAC

GCGCaG. CGA

ATGTCGATTT

CGTCGTGCGC

GCAAGGTATT

GAACACAAAA

GCTGTCTTTG

GACACAACGT

AAAGGCCCTC

ACTCGCCGAA

AAGAAAGCGC

AAACCGACCT

GGCAGATTCC

GCTTGGTTGA

ATCGCCGAGC

GATGAAGCCC

ACCAACTGGT

GTCGACCGCG

GTACGATTTG

CGAGCGATGA

GACGCGCCCG

GGTTTCAGAC

GCGAAGGTGA

GCATTGGCGG

CGTCAAACCG

ACCGCATCGT

GCGGTGCTGG

TTTGGGCGTT

TAGACGATTT

TGGCTGTCGG

329

-continued

GGCGCGATGA

TATGGATGTr

CCCCCARACGT

GATATGCACG

AGACAAAATA

TCAAAACCCT

TTTGAAAACT

CGAAAATCTG

AGTTGCTGCA

AACGACCCCG

GGCGCAAATG

ATACCCAAGT

CGACTGGTTG

GTTTGAACAA

AGCACGCCGT

GTCGTGGCGA

GCACGACATC

CGGGCATCGT

AGCTTTTTGC

AAACGAATGC

CCGCCGTCCG

GGCATGGAAA

GAAAACCGCA

TTGCCGAAARA

ATAGACGAAG

TACCCTTGAA

AAGTATTGGC

GCCGATACCG

GGGCTTGAGT

ATCGGGATGC

CGGCGGGGCA

GATTTGCTrG

CGGCGCGCTG

GCCTGTTGAG

CCCGGCGCGA

TGCCGAAGAA

TCGGCTTCCG

GTGGACGTAT

CGTCATCACC

TCAAATACCA

CCGTCTGAAA

GTTCGGCAAA

CGATTACCCC

CGATTCCCCG

TACCTTTGCC

TTTATTCCAC

GCCCTGCAAA

CGGCGCGGAC

GCTGCGTGCC

CGCCTGTTGC

CTATCCGCGC

CCGTGGAAAT

TTCATTGCCT

ACTGAACGCC

AGTTGATTGT

GAAAACGCCG

GAAACACGGC

TAACCGGACA

GCCGAAGCGG

GGCAAATTAA

US 9,266,929 B2

GGCGTTTGAA

TCGTCCTCAA

CCGAAATACC

TACCGTCAAA

TGGAGTTTGC

GCCGAACACG

CTACACCGGC

TGAAAGACTT

AAAAAGGGCA

CGCCGETCGCC

AAGAACCCAA

TGGCTGTGCG

CGCCATGCGC

ACCGCTATTT

GGCGGTTTGG

CTTTTTACAA

ACCTACCCGT

GGCCCGACCC

GAACATGATT

TTTCGACCTG

GGCACGGGTA

CGGCAAGGGC

TCGGCAGTAT

ACCGTCGCCG

CCGCCTTGCC

AACAGGGCGG

ATCTGCAAAC

CGGCGATCCG

TGGAACGGCG

This corresponds to the amino acid sequence <SEQ ID 118;

ORF 033>:
m033 .pep

1 MAAADKLLGS
51 MSISPNVGAL
101 EHKIKTLAEE
151 KGPQLLHVIT
201 KPTYTQVFGK
251 IAEQHAVTFA
301 VDRAGIVGAD

DRRSVAIIGD

PKYLASNVVR

AEHAKQSLSL

KKGNGYKLAE

WLCDRAAADS

GGLACEGMKP

GPTHAGLYDL

GAMTAGQAFE

DMHGLLSTVK

FENFGFRYTG

NDPVKYHAVA

RLVAITPAMR

VVAIYSTFLQ

SFLRCVPNMI

ALNCAXDMDV

AQTGKVLDKI

PVDGHNVENL

NLPKESAAQM

EGSGLVEFEQ

RAYDQLVHDI

VAAPSDENEC

GCCTTGAATT

CGACAACGAA

TTGCCAGCAA

GCGCAAACGG

CCAAAAAGTC

CCAAACAGTC

CCCGTGGACG

GCGCAGCCGC

ACGGCTACAA

AACCTGCCTA

GCCCGCCGee

ACCGGGCGGC

GAGGGCAGCG

CGATGTCGGC

CTTGCGAAGG

CGCGCCTACG

TTTGTTTGCC

ATGCCGGTCT

GTCGCCGCGC

CTATCAGGCA

CGGGCGCGCC

ATTATCCGCC

GGTCGCCCCC

ATATGCGCTT

CGAAGCCACG

CGCAGGCGGC

CCGTTTTGCT

AAAAAACTTT

TGTGCGCGCG

50

DLLVVLNDNE

PGAMEFAQKV

VDVLKDLRSR

PSEKEPKPAA

RFPDRYFDVG

ALONLPVLFA

RLLLSTCYQA

330



351

401

451

501

DAPAAVRYPR
ALAVAEKLNA
AVLEVLAKHG

WLSDRDAAN*

331
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GTGTGAPVSD GMETVEIGKG IIRREGEKTA FIAFGSMVAP

US 9,266,929 B2

TVADMRFVKP IDEELIVRLA RSHDRIVTLE

ICKPVLLLGV ADTVTGHGDP KKLLDDLGLS

The following partial DNA sequence was identified in N.
meningitidis <SEQ ID 119>

a033.seq

1

51

101

151

201

251

301

351

401

451

501

551

601

651

701

751

801

851

901

951

1001

1051

1101

1151

1201

1251

1301

1351

1401

1451

1501

ATGGCGGCGG

CATCGGCGAC

GCGCGGGCGA

ATGTCGATTT

CGTCGTGCGC

GCAAGGTATT

GAACATAAAA

ACTGTCTTTG

GACACAACGT

AAAGGCCCGC

ACTCGCCGAA

AAGAAAGCGC

AAACCGACCT

GGCAGATTCC

GCTTGGTTGA

ATCGCCGAGC

GATGAAGCCC

ACCAACTGGT

GTCGACCGCG

GTACGATTTA

CGAGCGATGA

GACGCGCCCG

GGTTTCAGAC

GCGAAGGTGA

GCATTGGCGG

CGTCAAACCG

ACCGCATCGT

GCGGTGCTGG

TTTGGGCGTT

TAGACGATTT

TGGCTGTCGG

CGGACAAACA

GGCGCGATGA

TATGGATGTG

CCCCCARACGT

GATATGCACG

AGACAAAATA

TCAAAACCCT

TTTGAAAACT

CGAAAATCTG

AGCTTCTGCA

AACGATCCCG

GGCGCAAATG

ATACCCAAGT

CGACTGGTTG

GTTTGAACAA

AGCACGCCGT

GTCGTGGCGA

GCACGACATC

CGGGCATCGT

AGCTTTTTGC

AAATGAATGC

CCGCCGTCCG

GGCATGGAAA

GAAAACCGCA

TCGCCGGAAA

ATAGACGAAG

TACCCTTGAA

AAGTGTTGGC

GCCGATACCG

GGGCTTGAGT

ATCGGGATGC

GTTGGGCAGC

CGGCGGGTCA

GATTTGCTGG

CGGTGCGTTG

GACTGTTGAG

CCCGGCGCGA

TGCCGAAGAA

TCGGCTTCCG

GTCGATGTAT

CGTCATCACC

TCAAATACCA

CCGTCTGAAA

GTTCGGCAAA

CGATTACCCC

CGATTCCCCG

TACCTTTGCC

TTTATTCCAC

GCCCTGCAAA

CGGCGCGGAC

GCTGCATTCC

CGCCTGCTGC

CTATCCGCGC

CCGTGGAAAT

TTCATTGCCT

ACTGAACGCC

AGTTGATTGT

GAAAACGCCG

GAAACACGGC

TAACCGGACA

GCCGAAGCGG

GGCAAATTAA

GACCGCCGCA

GGCGTTTGAA

TCGTCCTCAA

CCCAAATACC

TACCGTCAAA

TGGAGTTTGC

GCCGAACACG

CTATACCGGC

TGGAAGACCT

AAAAAGGGCA

CGCCGETCGCC

AAGAACCCAA

TGGCTGTGCG

CGCCATGCGC

ACCGCTATTT

GGCGGTTTGG

CTTTTTACAA

ACCTGCCCGT

GGCCCGACCC

GAATATGATT

TTTCGACCTG

GGCACGGGTA

CGGCAAGGGC

TCGGCAGTAT

ACCGTCGCCG

CCGCCTTGCC

AACAGGGCGG

ATCTGCAAAC

CGGCGATCCG

TGGAACGGCG

ENAEQGGAGG

AEAVERRVRA

GCGTCGCCAT

GCCTTGAACT

CGACAACGAA

TTGCCAGCAA

GCGCAAACGG

CCAAAAAGTC

CCAAACAGTC

CCCGTGGACG

GCGCGGACGC

ACGGCTACAA

AACCTGCCTA

GCCCGCCGee

ACCGGGCGGC

GAGGGCAGCG

CGATGTCGGC

CTTGCGAAGG

CGCGCCTACG

TTTGTTTGCC

ATGCCGGTTT

GTCGCCGCGC

CTATCAGGCA

CGGGCGTGCC

ATTATCCGCC

GGTCGCCCCT

ATATGCGCTT

CGAAGCCACG

CGCAGGCAGC

CCGTCTTGCT

AAAAAACTTT

TGTGCGCGCG
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This corresponds to the amino acid sequence <SEQ ID 120;
ORF 033.a2>:

a033 .pep
1

51
101
151
201
251
301
351
401
451

501

MAAADKQLGS DRRSVAIIGD GAMTAGQAFE ALNCAGDMDV DLLVVLNDNE

MSISPNVGAL PKYLASNVVR DMHGLLSTVK AQTGKVLDKI PGAMEFAQKV

EHKIKTLAEE AEHAKQSLSL FENFGFRYTG PVDGHNVENL VDVLEDLRGR

KGPQLLHVIT KKGNGYKLAE NDPVKYHAVA NLPKESAAQM PSEKEPKPAA

KPTYTQVFGK WLCDRAAADS RLVAITPAMR EGSGLVEFEQ RFPDRYFDVG

IAEQHAVTFA GGLACEGMKP VVAIYSTFLQ RAYDQLVHDI ALONLPVLFA

VDRAGIVGAD GPTHAGLYDL SFLRCIPNMI VAAPSDENEC RLLLSTCYQA

DAPAAVRYPR GTGTGVPVSD GMETVEIGKG IIRREGEKTA FIAFGSMVAP

ALAVAGKLNA TVADMRFVKP IDEELIVRLA RSHDRIVTLE ENAEQGGAGS

AVLEVLAKHG ICKPVLLLGV ADTVTGHGDP KKLLDDLGLS ZRBAVERRVRA

WLSDRDAAN*

m033/a033 98.4% identity over a 509 aa overlap

m033

a033

m033

a033

m033

a033

m033

a033

m033

a033

m033

go033

m033

go033

m033

go033

m033

go033

-pep

-pep

-pep

-pep

-pep

-pep

-pep

-pep

-pep

10 20 30 40 50 60
MARADKLLGSDRRSVAIIGDGAMTAGOAFEALNCAXDMDVDLLVVLNDNEMS ISPNVGAL
CEPEED PEEREEEEE T e e e e e A e e e e
MARADKQLGSDRRSVAIIGDGAMTAGQAFEALNCAGDMDVDLLVVLNDNEMS ISPNVGAL

10 20 30 40 50 60

70 80 90 100 110 120
PKYLASNVVRDMHGLLSTVKAQTGKVLDKI PGAMEFAQKVEHKI KTLAEEAEHAKQSLSL
CEEPTEEEEER T P e e e e e e e e
PKYLASNVVRDMHGLLSTVKAQTGKVLDKI PGAMEFAQKVEHKI KTLAEEAEHAKQSLSL

70 80 90 100 110 120

130 140 150 160 170 180
FENFGFRYTGPVDGHNVENLVDVLKDLRSRKGPQLLHVITKKGNGYKLAENDPVKYHAVA
I
FENFGFRYTGPVDGHNVENLVDVLEDLRGRKGPQLLHVITKKGNGYKLAENDPVKYHAVA

130 140 150 160 170 180

190 200 210 220 230 240
NLPKESAAQMPS EKEPKPAAKPTY TOVFGKWLCDRARADSRLVAITPAMREGSGLYEFEQ
COTLEE R T L PP
NLPKESAAQMPS EKEPKPAAKPTY TQVFGKWLCDRARADSRLVAITPAMREGSGLYEFEQ

190 200 210 220 230 240

250 260 270 280 290 300
RFPDRYFDVGIAEQHAVTFAGGLACEGMKPYVVAL YSTFLORAYDQLVHDIALONLPVLEA
CETEELTECEL TP LT PP
RFPDRYFDVGIAEQHAVTFAGGLACEGMKPVVAI YSTFLORAYDQLVHDIALONLPVLEA

250 260 270 280 290 300

310 320 330 340 350 360
VDRAGIVGADGPTHAGLYDLSFLRCVPNMIVAAPSDENECRLLLSTCYQADAPAAVRYPR
NI
VDRAGIVGADGPTHAGLYDLSFLRCIPNMIVAAPSDENECRLLLSTCYQADAPAAVRYPR

310 320 330 340 350 360

370 380 390 400 410 420
GTGTGAPVSDGMETVEIGKGIIRREGEKTAFIAFGSMVAPALAVAEKLNATVADMREVKP
N
GTGTGVPVSDGMETVEIGKGIIRREGEKTAFIAFGSMVAPALAVAGKLNATVADMREVKP

370 380 390 400 410 420

430 440 450 460 470 480
IDEELIVRLARSHDRIVTLEENAEQGGAGGAYLEVLAKHGICKPVLLLGVADTVTGHGDP
CETEETEEEEEL T LT VLT P T ]
IDEELIVRLARSHDRIVTLEENAEQGGAGSAVLEVLAKHGICKPVLLLGVADTVTGHGDP

430 440 450 460 470 480

490 500 510
KKLLDDLGLSAEAVERRVRAWLSDRDAANX
CETPTTERCEE L ey
KKLLDDLGLSAEAVERRVRAWLSDRDAANX

490 500 510

Computer analysis of this amino acid sequence gave the fol-

lowing results:

Homology with a predicted ORF from N. gonorrhoeae
ORF 033 shows 98.4% identity over a 509 aa overlap with a
predicted ORF (ORF 033.ng) from N. gonorrhoeae:
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m033/g033
m033.pep MAAADKLLGSDRRSVAIIGDGAMTAGQAFEALNCAXDMDVDLLVVLNDNEMSISPNVGAL 60

g033 MAAADKLLGGDRRSVAIIGDGAMTAGQAFEALNCAGDMDVDLLVVLNDNEMSISPNVGAL 60
m033 .pep PKYLASNVVRDMHGLLSTVKAQTGKVLDKIPGAMEFAQKVEHKIKTLAEEAEHAKQSILS 120

g033 PKYLASNVVRDMHGLLSTVKAQTGKVLDKIPGAMEFAQKVEHKIKTLAEEAEHAKQSILS 120
m033 .pep FENFGFRYTGPVDGHNVENLVDVLKDLRSRKGPQLLHVITKKGNGYKLAENDPVKYHAVA 180

g033 FENFGFRYTGPVDGHNVENLVDVLKDLRSRKGPQLLHVITKKGNGYKLAENDPVKYHAVA 180
m033 .pep NLPKESAAQMPSEKEPKPAAKPTYTQVFGKWLCDRAAADSRLVAITPAMREGSGLVEFEQ 240

g033 NLPKEGGAQMPSEKEPKPAAKPTYTQVFGKWLCDRAAADSRLVAITPAMREGSGLVEFEQ 240
m033 .pep RFPDRYFDVGIAEQHAVTFAGGLACEGMKPVVAIYSTFLQRAYDQLVHDIALQNLPVLFA 300

g033 RFPDRYFDVGIAEQHAVTFAGGLACEGMKPVVAIYSTFLORAYDQLVHDIALONLPVLFA 300
m033 .pep VDRAGIVGADGPTHAGLYDLSFLRCVPNMIVAAPSDENECRLLLSTCYQADAPAAVRYPR 360

g033 VDRAGIVGADGPTHAGLYDLSFLRCVPNMIVAAPSDENECRLLLSTCYQADAPAAVRYPR 360
m033 .pep GTGTGAPVSDGMETVEIGKGIIRREGEKTAFIAFGSMVAPALAVAEKLNATVADMRFVKP 420

g033 GTGTGAPVSDGMETVEIGKGIIRREGEKTAFIAFGSMVATALAVAEKLNATVADMREFVKP 420
m033 .pep IDEELIVRLARSHDRIVTLEENAEQGGAGGAVLEVLAKHGICKPVLLLGVADTVTGHGDP 480

g033 IDEELIVRLARSHDRIVTLEENAEQGGAGGAVLEVLAKHGICKPVLLLGVADTVTEHGDP 480
m033 .pep KKLLDDLGLSAEAVERRVRAWLSDRDAANX 510

g033 KKLLDDLGLSAEAVERRVREWLPDRDAANX 510

The following partial DNA sequence was identified in N.
gonorrhoeae <SEQ ID 121>

g034.iquTGAGCCGTT TATGGTTTTT TGCCGTAAAA AACATTATAA TCCGCCTTAT
51 TTACCTATTG CCCAAGGAGA CACAAATGGC ACTCGTATCC ATGCGCCAAC
101 TGCTTGACCA CGCCGCCGAA AACAGCTACG GCCTGCCCGC GTTCAACGTC
151 AACAACCTCG AACAAATGCG CGCCATTATG GAAGCCGCCG ACCAAGTCAA
201 CGCGCCCGTC ATCGTACAGG CGAGCGCAGG TGCGCGCAAA TACGcggGCG
251 CGCCGTTTTT GCGCCACCTG ATTCTGGCGG CAGTCGAAGA ATTTCCGCAC
301 ATCCCCGTCG TGATGCACCA AGACCACGGC GCATCGCCCG ACGTgtgCCA
351 ACGCTCCATC CAACTGGGCT TCTCCTCCGT GATGATGGAC GGCTCTTTGC
401 TCGAAGACGG CAAAACCCCT TCTTCTTACG AATACAACGT CAACGCCACC
451 CGTACCGTCG TCAACTTCTC CCACGCCTGC GGCGTGTCCG TCGAAGGCGA
501 AATCGGCGTA TTGGGCAACC TCGAAACCGG CGAAGCAGGC GAAGAAGACG
551 GAGTGGGCGC GGCAGGCAAA CTCTCACACG ACCAAATGCT CACCAGCGTT
601 GAAGATGCCG TGCGTTTCGT TAAAGATACC GGCGTTGACG CATTGGCGAT
651 TGCCGTCGGC ACCAGCCACG GCGCATACAA ATTCACCCGT CCGCCCACAG
701 GCGACGTATT GCGTATCGAC CGCATCAAGG AAATCCACCA AGCCCTGCCC
751 AATACACACA TCGTGATGCA CGgctCCAGC TCCGTTCCGC AAGAatgGCT
801 GAAAGTCATC AACGAATACG GCGGCAATAT CGGCGAAACC TACGGCGTGC
851 CGGTTGAAGA AATCGTCGAA GGCATCAAAC ACGGCGTGCG CAAAGTCAAC
901 ATCGATACCG ACCTGCGCCT CGCTTCCACC GGCGCGGTAC GCCGCTACCT
951 TGCCGAAAAC CCGTCCGACT TTGATCCGCG CAAATACTTG GGCAAAACCA
1001 TTGAAGCGAT GAAGCAAATC TGCCTCGACC GTTATCTTGC GTTCGGTTGC

1051 GAAGGTCAGG CAGGCAAAAT CAAACCTGTT TCGTTGGAAA AAATGGCAAG



1101
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CCGTTATGCC AAGGGCGAAT TGAACCAAAT CGTCAAATAA

This corresponds to the amino acid sequence <SEQ 1D 122.

ORF 034.ng>:
g034 .pep
1 MSRLWFFAVK NITIIRLIYLL PKETQMALVS MRQLLDHAAE
51 NNLEQMRAIM EAADQVNAPV IVQASAGARK YAGAPFLRHL
101 IPVVMHQDHG ASPDVCQRSI QLGFSSVMMD GSLLEDGKTP
151 RTVVNFSHAC GVSVEGEIGV LGNLETGEAG EEDGVGAAGK
201 EDAVRFVKDT GVDALAIAVG TSHGAYKFTR PPTGDVLRID
251 NTHIVMHGSS SVPQEWLKVI NEYGGNIGET YGVPVEEIVE
301 IDTDLRLAST GAVRRYLAEN PSDFDPRKYL GKTIEAMKQI
351 EGQAGKIKPV SLEKMASRYA KGELNQIVK*

The following partial DNA sequence was identified in N.
meningitidis <SEQ ID 123>

m034 .seq
1

51
101
151
201
251
301
351
401
451
501
551
601
651
701

751

(partial)
ATGAGCTGTT

TTACCTATTG
TGCTTGATCA
AACAACCTCG
CGCCCCCGTC
CGCCGTTTTT
ATCCCCGTCG
ACGCTCCATC
TGGAAGACGG
CGTACCGTGG
AATCGGCGTA
GTGTAGGCGC
GAAGATGCCG
TGCCGTCGGC
GCGATGTATT

AATACACACA

TATGGTTTTT

CCCAAGGAGA

TGCTGCCGAA

WwACAGATGCG

ATCGTACAGG

ACGCCACCTG

TCATGCACCA

CAACTGGGCT

CAAAACCCCT

TTAACTTCTC

TTGGGCAACC

AGTGGGCAAA

TATGTTTCGT

ACCAGCCACG

ACGTATCGAC

TCGTGATGCA

TGCTGTAAAA

CACAAATGGC

wACAGCTACG

CGCCATCATG

CGAGTGCCGG

ATTTTGGCGG

AGACCACGGC

TCTCCTCTGT

TCTTCTTACG

CCACGCTTGC

TCGAAACCGG

CTTTCCCACG

TAAAGATACC

GCGCATACAA

CGCATCAAAG

C...

AACATTATAA
ACTCGTATCC
GCyTGCCGGC
GAGGCTGCAG
TGCGCGCAAA
CTGTCGAAGT
GCATCACCCG
AATGATGGAC
AATACAACGT
GGCGTATCCG
CGATGCAGGC
ACCAAATGCT
GGCGTTGACG
ATTCACCCGT

AAATCCACCA

This corresponds to the amino acid sequence <SEQ ID 124;

ORF 034>:
m034 .pep (partial)
1 MSCLWFFAVK NIIIRLIYLL PKETQMALVS MRQLLDHAAE
51 NNLXQMRAIM EAADQVDAPV IVQASAGARK YAGAPFLRHL
101 IPVVMHQDHG ASPDVCQRSI QLGFSSVMMD GSLMEDGKTP
151 RTVVNFSHAC GVSVEGEIGV LGNLETGDAG EEDGVGAVGK
201 EDAVCFVKDT GVDALAIAVG TSHGAYKFTR PPTGDVLRID

251

NTHIVMH. . .

NSYGLPAFNV

ILAAVEEFPH

SSYEYNVNAT

LSHDQMLTSV

RIKEIHQALP

GIKHGVRKVN

CLDRYLAFGC

TCCGCCTTAT

ATGCGCCAAC

GTTCAACGTC

ACCAAGTCGA

TATGCGGGTG

ATTTCCACAC

ACGTGTGCCA

GGCTCGCTGA

CAACGCCACA

TTGAAGGCGA

GAAGAAGACG

GACCAGCGTC

CATTGGCTAT

CCGCCCACAG

AGCCCTGCCC

XSYGLPAFNV

ILAAVEVFPH

SSYEYNVNAT

LSHDQMLTSV

RIKEIHQALP
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The following partial DNA sequence was identified in N.
meningitidis <SEQ ID 125>

a034 .seq
1

51
101
151
201
251
301
351
401
451
501
551
601
651
701
751
801
851
901
951

1001
1051

1101

ATGAGCCGTT

TTACCTATTG

TGCTTGATCA

AACAACCTCG

CGCGCCCGETC

CGCCGTTTTT

ATCCCCGTCG

ACGCTCCATC

TGGAAGACGG

CGTACCGTGG

AATCGGCGTA

GTGTAGGCGC

GAAGATGCCG

TGCCGTCGGC

GCGACGTGTT

AATACACACA

GAAAGTCATC

CGGTTGAAGA

ATCGATACCG

TGCCGAAAAC

TTGAAGCGAT

GAAGGTCAGG

CCGTTATGCC

TATGGTTTTT

CCCAAGGAGA

TGCTGCCGAA

AACAAATGCG

ATCGTACAGG

GCGCCACCTG

TGATGCACCA

CAACTGGGCT

CAAAACCCCT

TTAATTTCTC

TTGGGCAACC

AGTGGGCAAA

TGCGTTTCGT

ACCAGCCACG

GCGTATCGAC

TCGTGATGCA

AACGAATACG

AATCGTCGAA

ACTTGCGCCT

CCGTCCGACT

GAAGCAAATC

CAGGCAAAAT

AAGGGCGAAT

TGCCGCAAARA

CACAAATGGC

AACAGCTACG

CGCCATTATG

CGAGCGCAGG

ATTTTGGCGG

AGACCACGGC

TTTCCTCCGT

TCTTCTTATG

CCACGCCTGC

TCGAAACTGG

CTTTCCCACG

TAAAGATACC

GCGCGTACAA

CGCATCAAAG

CGGCTCCAGC

GCGGCAATAT

GGCATCAAAC

TGCTTCCACC

TCGATCCGCG

TGCCTCGACC

CAAACCGGTT

TGAACCAAAT

AACATTATAA

ACTCGTATCC

GCCTGCCCGC

GAAGCCGCCG

TGCGCGCAAA

CTGTCGAAGA

GCATCGCCCG

GATGATGGAC

AATACAACGT

GGCGTATCCG

CGAAGCCGGC

ACCAAATGCT

GGCGTTGACG

ATTCACCCGT

AAATCCACCA

TCCGTTCCGC

CGGCGARACC

ACGGCGTGCG

GGCGCGGTAC

CAAATATTTG

GCTACCTCGC

TCCTTGGAAA

CGTCAAATAA

This corresponds to the amino acid sequence <SEQ ID 126;

ORF 034.a>:
a034 .pep
1 MSRLWFFAAK NIIIRLIYLL PKETQMALVS MRQLLDHAAE
51 NNLEQMRAIM EAADQVNAPV IVQASAGARK YAGAPFLRHL
101 IPVVMHQDHG ASPDVCQRSI QLGFSSVMMD GSLMEDGKTP
151 RTVVNFSHAC GVSVEGEIGV LGNLETGEAG EEDGVGAVGK
201 EDAVRFVKDT GVDALAIAVG TSHGAYKFTR PPTGDVLRID
251 NTHIVMHGSS SVPQEWLKVI NEYGGNIGET YGVPVEEIVE
301 IDTDLRLAST GAVRRYLAEN PSDFDPRKYL SKTIEAMKQI
351 EGQAGKIKPV SLEKMANRYA KGELNQIVK*

m034/a034 96.9% identity over a 257 aa overlap

TCCGCCTTAT

ATGCGCCAAC

GTTCAACGTC

ACCAAGTCAA

TACGCGGGCG

ATTTCCGCAC

ACGTGTGCCA

GGCTCGCTGA

CAACGCCACC

TTGAAGGCGA

GAAGAAGACG

CACCAGCGTC

CATTGGCGAT

CCGCCCACAG

AGCCCTGCCC

AAGAATGGCT

TACGGCGTGC

TAAAGTCAAC

GCCGCTACCT

AGCAAAACCA

GTTCGGTTGC

AAATGGCAAA

NSYGLPAFNV

ILAAVEEFPH

SSYEYNVNAT

LSHDQMLTSV

RIKEIHQALP

GIKHGVRKVN

CLDRYLAFGC
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10 20 30 40 50 60
m034 .pep MSCLWFFAVKNIIIRLIYLLPKETQMALVSMRQLLDHAAEXSYGLPAFNVNNLXQMRAIM

a034 MSRLWFFAAKNIIIRLIYLLPKETQMALVSMRQLLDHAAENSYGLPAFNVNNLEQMRAIM
10 20 30 40 50 60
70 80 90 100 110 120

m034 .pep EAADQVDAPVIVQASAGARKYAGAPFLRHLILAAVEVFPHIPVVMHQDHGASPDVCQRSI

a034 EAADQVNAPVIVQASAGARKYAGAPFLRHLILAAVEEFPHIPVVMHQDHGASPDVCQRST
70 80 90 100 110 120
130 140 150 160 170 180

m034 .pep QLGFSSVMMDGSLMEDGKTPSSYEYNVNATRTVVNEFSHACGVSVEGEIGVLGNLETGDAG

a034 QLGFSSVMMDGSLMEDGKTPSSYEYNVNATRTVVNFSHACGVSVEGEIGVLGNLETGEAG
130 140 150 160 170 180
190 200 210 220 230 240

m034 .pep EEDGVGAVGKLSHDQOMLTSVEDAVCFVKDTGVDALAIAVGTSHGAYKFTRPPTGDVLRID

a034 EEDGVGAVGKLSHDQMLTSVEDAVRFVKDTGVDALAIAVGTSHGAYKFTRPPTGDVLRID
190 200 210 220 230 240
250

m034 .pep RIKEIHQALPNTHIVMH

a034 RIKEIHQALPNTHIVMHGSSSVPQEWLKVINEYGGNIGETYGVPVEEIVEGIKHGVRKVN
250 260 270 280 290 300

Computer analysis of this amino acid sequence gave the fol- 25
lowing results:

Homology with a predicted ORF from N. gonorrhoeae

ORF 034 shows 96.5% identity over a 257 aa overlap with a
predicted ORF (ORF 034.ng) from N. gonorrhoeae:

m034/g034

m034 .pep MSCLWFFAVKNIIIRLIYLLPKETQMALVSMRQLLDHAAEXSYGLPAFNVNNLXQMRAIM

g034 MSRLWFFAVKNIIIRLIYLLPKETQMALVSMRQLLDHAAENSYGLPAFNVNNLEQMRAIM
m034 .pep EAADQVDAPVIVQASAGARKYAGAPFLRHLILAAVEVFPHIPVVMHQDHGASPDVCQRSI
CEEEEE=EEE et et P e e e rr
g034 EAADQVNAPVIVQASAGARKYAGAPFLRHLILAAVEEFPHIPVVMHQDHGASPDVCQRST
m034 .pep QLGFSSVMMDGSLMEDGKTPSSYEYNVNATRTVVNEFSHACGVSVEGEIGVLGNLETGDAG
CEEVECLEEEEE =Pt e e et e e e ety 1
g034 QLGFSSVMMDGSLLEDGKTPSSYEYNVNATRTVVNF SHACGVSVEGEIGVLGNLETGEAG
m034 .pep EEDGVGAVGKLSHDQOMLTSVEDAVCFVKDTGVDALAIAVGTSHGAYKFTRPPTGDVLRID
CEEVEEE=TEEEEE et et e e e e et e e e e e r
g034 EEDGVGAAGKLSHDQOMLTSVEDAVRFVKDTGVDALATAVGTSHGAYKFTRPPTGDVLRID
m034 .pep RIKEIHQALPNTHIVMH
[EEVULETEETT T
g034 RIKETHQALPNTHIVMHGSSSVPQEWLKVINEYGGNIGETYGVPVEEIVEGI KHGVRKVN
45

The following partial DNA sequence was identified in N.
gonorrhoeae <SEQ ID 127>:

g036.1SquTGCTGAAGC CGTGTTTGGT ATACAGTGCC TGTGCGGCGG cgttgcCTGC
51 GCGGACTTCG AGCAGCAGGC GTTGCGTGCC TTCGGGCAGA TGTGCGTACC
101 AATATTCGAG CAGGGCGGAC GCAACGCCCC GTCGGCGGCA TTCGGGCGCG
151 GTGGCAATCA GGTGCAGTTC GGATTCGTCG GGCAGGTTCT GCCAAACGAT
201 AAAGGCGGCA ATCCTGCCGT CTTTTTCCGC AAGGAAAACC TGTTCGGACG
251 GCGAAACAAG CGCGGACTCA AATTGGCGTT GCGTCCACGC GGACGGGTTG
301 CAGACGGTAT CGAGCGCGGC CAGTGCGGCG CAGTCGGACG GTGAGGCTGG
351 GCGGATGTTC ATGTTCGTGC CTTCCGTTCC GCCTGTTCTT TGGCAGTCAG
401 GGCGATTTTG TTGCGGACGT AGAGCAGTTC GGCGTGTGCC GCGCCAGTTG
451 CGGGATAGCC GCCGCCGAGG GCGAGCGCGA GAAAATCGGC GGCGGTCGGC

501 ATATCGGGTT TGCCTGAGAA GGGCGGACGG TTTTCCAGTG CGAACGCACT

60

60
120

120
180

180
240

240
257

300

342



551

601

651

701

751

801

GCCGATGCCG

CCCTACCGAC

CACGCATAAA

GCTTTGCGGC

TTAAAGGCGT

ATACGCAGTC

343

-continued

TCTGAAAAGA

TTGATAATCG

ACACTTCGCC

GGCGGCAGCG

GTCGAACGGC

CGGTAA

CGTACCCCTC

CTCAAACGGC

CATACGCGCG

AGGCGGCGGC

GTTGCCAAAC

US 9,266,929 B2

GGGGAGGGCA

GGCGGTTCAG

TCCGCAGCGG

ATCGAGCGTG

CTTGCGCCAC

This corresponds to the amino acid sequence <SEQ ID 128;

ORF 036.ng>:
g036 .pep

1 MLKPCLVYSA
51 VAIRCSSDSS
101 QTVSSAASAA
151 RDSRRRGRAR
201 PYRLDNRSNG
251 LKACRTALPN

CAAALPARTS

GRFCQTIKAA

QSDGEAGRMF

ENRRRSAYRV

GGSACRTTHK

LAPRRCRYAV

SSRRCVPSGR

ILPSFSARKT

MFVPSVPPVL

CLRRADGFPV

TLRPYARPQR

R*

CAYQYSSRAD

CSDGETSADS

WQSGRFCCGR

RTHCRCRLKR

RVCSFAAAAA

The following partial DNA sequence was identified in N.
meningitidis <SEQ ID 129>

m036 .seq

1

51

101

151

201

251

301

351

401

451

501

551

601

651

701

751

801

ATGCTGAAGC

ACGGACTTCG

AATATTCGAG

GTGGCAATCA

AAAGGCGGCA

GCGAAACCAG

CAGACGGCAT

GCGGATGTTC

GGCGATTTTG

CAGGATAACC

ATATCCGGTC

GCCTATGCCG

CCCGCCCGAC

CATGCATAARA

GCTTTGCGGC

TTAAGGGGGT

ATACGCAGTC

CGTGCGCCGT
AGCAGCAGGC
CAGGGCGGAC
GGTGCAGTTC
ATCCCg.CGT
TGCGGACTCA
CGAGTGCGGC
ACGGGCGCGC
TTGCGGACGT
GCCCTTGGCT
TGCCTGAGAA
TCTGAAAAGG
CTGATAATCG
ACACTTCGCC
GGCGGCAGCG
ATCAAACGGC

CGGTAA

GTACAGTGCC

GTTGCGTGTC

GCAATTCCTT

GGATTCGTCG

CTTTTTCCGC

AATTGGCGTT

CAGCTCCTCA

TCTCCGTTCG

AGAGCAAACC

GCCAATGCGA

CGGCGGAGCT

CGCATCCCTC

CTCAAACGGT

CATACGAGCG

AGGCGGCGGC

GTTGCCAAAC

TGTGCGGCGG

TTCGGGCAGA

GGCGGCGGCA

GGCAGGTTCT

AAGGAAAACC

GCGTCCATGC

CAATCGGCAC

GCCTGTTCTT

GGCGTGTGCG

GAAAGTCGGC

TCTTCCAGCG

CGGCAGCCGG

GGCAGTTCAG

TCCGTAGCGG

ATCGAGCGAG

CCTGAGCTAC

This corresponds to the amino acid sequence <SEQ ID 130;
ORF 036>

m036 .pep

1

51

MLKPCAVYSA CAAVLPARTS SSRRCVSSGR CVNQYSSRAD

VAIRCSSDSS GRFCQTIKAA IPXSFSARKT CSDGETSADS

ATGTCTGCCG

CGTGTCGAAC

CGAGTATGCA

GGGATGCCGA

GCCGATGCCG

ATPRRRHSGA

NWRCVHADGL

RAVRRVPRQL

RTPRGGQCLP

RRRHRAWGCR

TGTTGCCTGC

TGTGTGAACC

TTCGGGCGCG

GCCAAACGAT

TGTTCGGACG

GGACGGGTTG

AAACGGCACG

TGGCAGTCAG

GCATGGACGG

GGCAGTCGGC

CGAACGCGCT

ATGTCTGCCG

CGTATCGAAC

CAAGGATGCA

GGTACGCCGA

ACCGATGCCG

60

ATIPWRRHSGA

NWRCVHADGL

344



101

151

201

251

345
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-continued

QTASSAASSS QSAQTARRMF TGALSVRPVL WQSGRFCCGR

ODNRPWLPMR ESRRQSAYPV CLRTAELLPA RTRCLCRLKR

PARPDNRSNG GSSAYRTMHK TLRPYERP*R QGCSFAAAARA

LRGYQTALPN PELHRCRYAV R*

The following partial DNA sequence was identified in N.
meningitidis <SEQ ID 131>

a036.seq
1

51
101
151
201
251
301
351
401
451
501
551
601
651
701
751

801

ATGCTGAAGC

ACGGACTTCG

AATATTCGAG

GTGGCAATCA

AAAGGCGGCA

GCGAAACCAG

CAGACGGCAT

GCGGATGTTC

GGCGATTTTG

CGGGAAAACC

ATATCGGGTT

GCCGATGCCG

CCCGACCGAC

CATGCATAARA

GCTTTGCGGC

TTAAAGGAGT

ATACGCAGTC

CGTGCGCCGT

AGCAGCAGGC

CAGGGCGGAC

GGTGCAGTTC

ATCCCGCCGT

TGCGGACTCA

CGAGCGCGGC

ACAGGCGCGC

TTGCGGACGT

GCCTTCAGCC

TGCCTGAGAA

TCTGAAAAGG

CTGATAATCG

ACACTTCGCC

GGCGGCAGCG

ATCAAACGGC

CCGTAA

GTACAGTGCC TGTGCGGCGG

GTTGCGTGTC TTCGGGCAGA

GCAATTCCTT GGCGGCGGCA

GGATTCGTCG GGCAGGTTCT

CTTTTTCCGC AAGGAAAACC

AATTGGCGTT GCGTCCACGC

GAGTGCGGCG CAATCGGCAT

CCTCCGTTCC GCCTGTTCTT

AGAGCAGCTC GGCGTGTGCC

GCCAGATTGA GGAAGTCGGC

GGGCGGACGG TTTTCCAGCG

CGCATCCTTC CGGCAGCCGG

CTCAAACGGC GGCGGTTCAG

CATACGTGCG TCCGCAGCGG

AGGCGGCGGC ATCGAGCGAG

GTTGCCAAAC CTTGCGCCAC

This corresponds to the amino acid sequence <SEQ ID 132;

ORF 036.

a036 .pep
1

51
101
151
201

251

a>:

MLKPCAVYSA

VAIRCSSDSS

QTASSAASAA

RENRLQPPD*

PDRPDNRSNG

LKEYQTALPN

CAAVLPARTS

GRFCQTIKAA

QSA*TARRMF

GSRRRSAYRV

GGSACRTMHK

LAPRRCRYAV

SSRRCVSSGR CVNQYSSRAD

IPPSFSARKT CSDGETSADS

TGAPSVPPVL WQSRRFCCGR

CLRRADGFPA RTHCRCRLKR

TLRPYVRPQR QGCSFAAAAA

pP*

m036/a036 85.6% identity over a 270 aa overlap

10

20 30

RANRRVRHGR

RIPPAAGCLP

RRRHRARVRR

TGTTGCCTGC

TGTGTGAACC

TTCGGGCGCG

GCCAAACGAT

TGTTCGGACG

GGACGGGTTG

AAACGGCGCG

TGGCAGTCAA

GCAGCGACGG

GGCGGTCGGC

CGAACGCATT

ATGTCTGCCG

CGTGTCGAAC

CAAGGATGCA

GGTACGCCGA

GCCGATGCCG

ATIPWRRHSGA

NWRCVHADGL

RAARRVPQRR

RILPAAGCLP

RRRHRARVRR

40

50

60

m036 .pep MLKPCAVYSACAAVLPARTSSSRRCVSSGRCVNQYSSRADAIPWRRHSGAVAIRCSSDSS

MLKPCAVYSACAAVLPARTSSSRRCVSSGRCVNQYSSRADAIPWRRHSGAVAIRCSSDSS

a036

10

20 30

40

50

60

346



m036 .pep

a036

m036 .pep

a036

m036 .pep

a036

m036 .pep

a036

US 9,266,929 B2
347

-continued

70 80 90 100 110 120
GRFCQTIKAAIPXSFSARKTCSDGETSADSNWRCVHADGLQTASSAAS SSQSAQTARRME
CEEEEEEEEEE CEEEEE et e et e e et e e ter 1
GRFCQTIKAAIPPSFSARKTCSDGETSADSNWRCVHADGLQTASSAASAAQSAXTARRMF
70 80 90 100 110 120

130 140 150 160 170 180
TGALSVRPVLWQSGRFCCGRRANRRVRHGRODNR PWLPMRESRRQSAY PVCLRTAELLPA
CED T LR TEEEE T T s e 1 | I
TGAPSVPPVLWQSRRFCCGRRAARRY PQRRRENRLQPPDXGSRRRSAYRVCLRRADGFPA
130 140 150 160 170 180

190 200 210 220 230 240
RTRCLCRLKRRIPPAAGCLPPARPDNRSNGGS SAYRTMHKTLRPYERPXROGCSFARARA
LA TP TP T DR T
RTHCLCRLKRRILPAAGCLPPDRPDNRSNGGGSACRTMHKTLRPYVRPQROGCSFARARA
190 200 210 220 230 240
250 260 270
RRRHRARVRRLRGYQTALPNPELHRCRYAVRX

R e
RRRHRARVRRLKEYQTALPNLAPRRCRYAVPX
250 260 270

Computer analysis of this amino acid sequence gave the fol- 20

lowing results:

Homology with a predicted ORF from N. gonorrhoeae
ORF 036 shows 74.9% identity over a 271 aa overlap with a
predicted ORF (ORF 036.ng) from N. gonorrhoeae:

m036/g036

m036 .pep

go036

m036 .pep

go036

m036 .pep

go036

m036 .pep

go036

m036 .pep

go036

10 20 30 40 50 60
MLKPCAVYSACAAVLPARTSSSRRCVSSGRCVNQYSSRADAIPWRRHSGAVAIRCSSDSS
UL LU DDLU T LU L L
MLKPCLVYSACAAALPARTSSSRRCVPSGRCAYQYSSRADATPRRRHSGAVAIRCSSDSS

10 20 30 40 50 60

70 80 90 100 110 120
GRFCQTIKAAIPXSFSARKTCSDGETSADSNWRCVHADGLQTASSAASSSQSAQTARRMF
NI
GRFCQTIKAAILPSFSARKTCSDGETSADSNWRCVHADGLQTVS SAASAAQSDGEAGRMF

70 80 90 100 110 120

130 140 150 160 170 180
TGALSVRPVLWQSGRFCCGRRANRRVRHGRQDNRPWLPMRESRRQSAYPVCLRTAELLPA
L LTV THE e ots b T T 1 <1
MFVPSVPPVLWQSGRFCCGRRAVRRVPRQLRDSRRRGRARENRRRSAYRVCLRRADGFPV
130 140 150 160 170 180

190 200 210 220 230 240
RTRCLCRLKRRIPPAAGCLPPARPDNRSNGGS SAYRTMHKTLRPYERPXRQGCSFAAARAR
NN
RTHCRCRLKRRTPRGGQCLPPYRLDNRSNGGGSACRTTHKTLRPYARPQRRVCSFAAARAR

190 200 210 220 230 240

250 260 270
RRRHRARVRRLRGYQTALPNPELHRCRYAVRX

RRRHRAWGCRLKACRTALPNLAPRRCRYAVRX
250 260 270

The following partial DNA sequence was identified in N.
meningitidis <SEQ ID 133>

mo036-1.seq

1 ATGCTGAAGC CGTGCGCCGT GTACAGTGCC TGTGCGGCGG TGTTGCCTGC
51 ACGGACTTCG AGCAGCAGGC GTTGCGTGTC TTCGGGCAGA TGTGTGAACC
101 AATATTCGAG CAGGGCGGAC GCAATTCCTT GGCGGCGGCA TTCGGGCGCG
151 GTGGCAATCA GGTGCAGTTC GGATTCGTCG GGCAGGTTCT GCCAAACGAT
201 AAAGGCGGCA ATCCCGCCGT CTTTTTCCGC AAGGAAAACC TGTTCGGACG
251 GCGAAACCAG TGCGGACTCA AATTGGCGTT GCGTCCATGC GGACGGGTTG
301 CAGACGGCAT CGAGTGCGGC CAGCTCCTCA CAATCGGCAC AAACGGCACG
351 GCGGATGTTC ACGGGCGCGC TCTCCGTTCG GCCTGTTCTT TGGCAGTCAG

401 GGCGATTTTG TTGCGGACGT AGAGCAAACC GGCGTGTGCG GCATGGACGG

348
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349
-continued
451 CAGGATAACC GCCCTTGGCT GCCAATGCGA GAAAGTCGGC GGCAGTCGGC
501 ATATCCGGTC TGCCTGAGAA CGGCGGAGCT TCTTCCAGCG CGAACGCGCT
551 GCCTATGCCG TCTGAAAAGG CGCATCCCTC CGGCAGCCGE ATGTCTGCCG
601 CCCGCCCGAC CTGATAATCG CTCARACGGT GGCAGTTCAG CGTATCGAAC
651 CATGCATAAA ACACTTCGCC CATACGAGCG TCCGTAG

This corresponds to the amino acid sequence <SEQ ID 134;

ORF 0036-1>:
m036-1.pep
1 MLKPCAVYSA CAAVLPARTS SSRRCVSSGR CVNQYSSRAD AIPWRRHSGA
51 VAIRCSSDSS GRFCQTIKAA IPPSFSARKT CSDGETSADS NWRCVHADGL
101 QTASSAASSS QSAQTARRMF TGALSVRPVL WQSGRFCCGR RANRRVRHGR
151 ODNRPWLPMR ESRRQSAYPV CLRTAELLPA RTRCLCRLKR RIPPAAGCLP
201 PARPDNRSNG GSSAYRTMHK TLRPYERP*

m036-1/g036 76.8% identity in 228 aa overlap

m036-1.pep

go036

m036-1.pep

go036

m036-1.pep

go036

m036-1.pep

go036

go036

10 20 30 40 50 60
MLKPCAVYSACAAVLPARTSSSRRCVSSGRCVNQYSSRADAIPWRRHSGAVAIRCSSDSS
UL LU DU T OO L LT
MLKPCLVYSACAAALPARTSSSRRCVPSGRCAYQYSSRADATPRRRHSGAVAIRCSSDSS

10 20 30 40 50 60

70 80 90 100 110 120
GRFCQTIKAAIPPSFSARKTCSDGETSADSNWRCVHADGLQTASSAASSSQSAQTARRMF
NI
GRFCQTIKAAILPSFSARKTCSDGETSADSNWRCVHADGLQTVS SAASAAQSDGEAGRMF

70 80 90 100 110 120

130 140 150 160 170 180
TGALSVRPVLWQSGRFCCGRRANRRVRHGRQDNRPWLPMRESRRQSAYPVCLRTAELLPA
I N
MFVPSVPPVLWQSGRFCCGRRAVRRVPRQLRDSRRRGRARENRRRSAYRVCLRRADGFPV
130 140 150 160 170 180

190 200 210 220 229
RTRCLCRLKRRIPPAAGCLPPARPDNRSNGGS SAYRTMHKTLRPYERPX

RTHCRCRLKRRTPRGGQCLPPYRLDNRSNGGGSACRTTHKTLRPYARPQRRVCSFAAAAR

190 200 210 220 230 240
RRRHRAWGCRLKACRTALPNLAPRRCRYAVRX
250 260 270

The following partial DNA sequence was identified in N.
gonorrhoeae <SEQ ID 135>

g038.seq

1 ATGACTGATT TCCGCCAAGA TTTCCTCAAA TTCTCCCTCG CCCAAAATGT

51 TTTGAAATTC GGCGAATTTA CCACCAAAGC CGGACGGCGG TCGCCCTATT

101 TCTTCAATGC CGGCCTCTTC AACGACGGCG CGTCCACGCT GCAACTGGCA

151 AAATTCTATG CACAATCCAT CATTGAAAGC GGCATCCGAT TCGATATGCT

201 GTTCGG